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INTRODUCTION 

Forages form the mainstay of our livestock Industry to 
minimise the competition between human beings and animals for 
needed nutrients owing to land and Input constraints. With the 
Increasing animal population and shrinking land resources, the 
problem to provide adequate feed and forage Is assuming alarming 
dimensions. The Policy Advisory Group on Grazing and Livestock 
Management of Government of India (1990) has projected the 
livestock population to 494 million for 2000 A.D. The requirement 
of green forage, dry matter and concentrates for the country’s 
livestock population at their optimum plane of nutrition has been 
estimated at 837, 529 and 95 million tonnes, respectively (Singh, 
1990). The National Commission on Agriculture (1976) has, 
however, indicated the corresponding deficit of 64, 16 and 80 per 
cent of the requirements. It follows that with the present feed 
and fodder resources in the country, we are able to meet only 
46.6% of the requirement and that too by feeding poor quality 
roughages. 

India has only 8.3 million hectares (4.4 %) of the country’s 
cropped area under fodder crops and there Is no scope of 
diverting good agricultural lands exclusively for forage 
production because of pressing need of such lands for food and 
cash crops. Alternatively, some of the marginal and sub-marginal 
lands which otherwise are not remunerative for food crop 
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production offer great potential to create new avenue of forage 
resources by growing grasses and/or legumes. 

Pennisetum pedlceljatum Trin. is an important grass species 
for forage and soil conservation. This grass is known by 
different names like "Dinanath", “Deenbandhu" and "Dinagrass". It 
grows luxuriantly on eroded and marginal wastelands as compared 
to other grasses. The species is well adapted to light red and 
low fertile soils of coastal region of West Bengal, Orissa and 
Bihar. Dinanath grass plays a vital role in Improving water 
stable aggregates (Chatterjee et al., 1978) and producing highest 
herbage yield as compared to jowar and bajra (Rathore and Kumar, 
1977). Thus, it holds promise for ley farming systems under 
Indian conditions. 

^nnisetum pedicelJatum provides leafy, succulent, 
nutritious and palatable forage for long duration extending up to 
the scarcity period of October-November in North India. On an 
average, Dinanath grass contains 6.5 * crude protein, 3.2 % 
ether extract, 35.8 % crude fibre, 40.1 % nitrogen free extract 
and 14.4 X total ash with digestibility of feed ingredients 
ranging from 43 to 71 * at flowering stage (Chatterjee and Das, 
1989). However, its different varieties contain varying 
concentration of oxalic acid, an anti-quality constituent, which 
depletes body calcium of animals fed on such grass. LegiMnes, on 
the other hand, contain high amount of calcium and therefore, 
would supplement the animal diet with additional calcium to take 
care of such metabolic disorder. It is also stipulated that 
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intercropping of Dinanath grass with forage legumes 
(cowpea/clusterbean) , and/or adequate nitrogen nutrition may 
reduce the oxalate content of grass below the toxic limit. The 
grass, however, grows slowly in early stage and picks up growth 
after 40 to 50 days of seeding. During this period, the grass is 
generally run over by seasonal weeds which compete severely for 
soil moisture and plant nutrients. This calls for working out the 
optimum nitrogen requirement and identifying suitable intercrops 
to harness the production potential of Dinanath grass. 

The development of varieties possessing the characteristics 

of high yield potential, improved quality traits with low 

. ■ ■■ .# / 

oxalate content, responsive to ( fertilizer nitrogen^ 1 better 
compatibility with forage legumes and ability to fit in the 
exi'sting cropping systems (ha^ been the major research thrust 
areas in Penn i set urn pedicellatum. In recent years, some of the 
promising strains of this grass have been evolved and many more 
are in the pipe line at various stages of evaluation under All 
India Coordinated Research Project on Forage Crops. These 
varieties differ in their growth rhythm, nitrogen response and 
compatibility with forage legumes. 

Nitrogen is the key element in grass growth and is the most 
limiting nutrient in Indian soils. Nitrogen application not only 
increases the green and dry matter yields but also improves the 
quality of forages particularly the level of crude protein 
(Menhi Lai and Tripathi, 1987 a). Penn isetum pedicel latum has been 
found to respond up to 150 kg N/ha depending upon soil types. 
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grass varieties and crop stands (Tripathi and Singh, 1991). 
Translated into practice it means that Dinanath grass requires 
higher amount of nitrogen for luxuriant vegetative growth, early 
bulking of the crop and quick regeneration following 
cutt i n g/def o 1 i at i on . 

The nitrogen nutrition of grass species however, received 
little attention in our country owing to major emphasis on grain 
crops. Therefore, mixed/intercropping of grass with forage 
legumes is being advocated to economise the costly input of 
fertilizer nitrogen. Moreover, intercrops provide protein rich 
forage, build up soil fertility and Improve the physical edaphic 
environment. Further, such intercropping systems offer great 
scope for developing energy efficient and sustainable production 
strategy with less use of market purchased inputs (Swamlnathan, 
1991). 

As a result of concerted efforts at Indian Grassland and 
Fodder Research Institute, Jhansi, superior varieties of 
Pennisetum pediceJ latum wiz. , Bundel-1, Bundel-2 and IGFRI-3808 
have been released for cultivation throughout the country. These 
varieties however, differ considerably In their adaptability to 
dry land environment, productivity potential, nutrient 
requirement, associability with forage legumes, fertilizer use 
efficiency and herbage quality. 

The scientific information on the combined effect of 
nitrogen nutrition and legume association In realizing potential 


yield 


regulating forage quality and reducing oxalate 


5 


content In Penn isetum pedicel latum varieties Is rather meagre. 
Since, agronomical management strategies In forage crops aim at 
increasing herbage yield per unit area per unit time 
alongwith improvement in quality traits to take care of two 
biological systems viz., 'Soil-plant’ and 'Plant-animal’, the 
present investigation entitled “Forage yield and quality of 
Pennisetum pedicel latum varieties In relation to fertilizer 
nitrogen and Intercrops'* was undertaken at Indian Grassland and 
Fodder Research Institute (IGFRI), Jhansi (U.P.) with the 
following objectives: 

1. To study the growth behaviour, productivity and quality of 
promising varieties of Pennisetum pedicel latum as pure and 
Intercropped with forage legumes at different levels of 
nitrogen. 

2. To find out the response of pure and mixed stands of 
Pennisetum pedicel latum to varying levels of fertilizer 
nitrogen. 

3. To test the feasibility of nitrogen economy and the extent 
to which the quality traits of Pennisetum pedicellatum 
could be regulated through legume association. 

4. To identify the most productive combination of Pennisetum 
pedicellatum variety. Intercrop and fertilizer nitrogen for 
higher herbage yield and nutrient outturn per unit area per 


unit time. 




REVIEW 


OF 


LITERATURE 


This chapter presents a comprehensive review of the 
available literature on the comparative performance of Pennisetum 
pedicellatum varieties and their response to nitrogen nutrition 
in pure stand as well as intercropped with cowpea or clusterbean 
in terms of growth characters, forage yield and quality traits. 
The key issues on its amplitude of adaptability, compatibility 
with forage legumes for nutritional quality and nitrogen economy 
have also been covered in this section. 

Environmental Adaptability of Dinanath Grass: 

The grasses have wide range of variability with respect to 
type of growth, response to different methods of management, 
breeding behaviour, edaphic adaptation and other important 
characteristics (Musser et a1., 1948). The name of genus 
Pennisetum is derived from the latin word "Penna" feather and 
"Seta" a bristle and the species pedicellatum represents having 
a small stalk of spikelets. The origin of this grass seems to be 
India. Its occurrence is reported in the hills of Chhotanagpur, 
Bihar (Haines, 1924), hills of Bihar, Rajputana, Orissa and 
Western peninsula (Blater and McCann, 1935) and Madhya Pradesh 
(Khan, 1957). Pennisetum pedicellatum grass is known by 
different names like "Dinanath", Deenbandhu", Deena" and 
Dinagrass. A number of ecotypes were isolated in India from the 
seed samples obtained from Nigeria (Chatterjee and Kumar, 1964). 
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Its fodder value was first recognized in Australia (Oyenuga, 

1957). In India, it is considered as a good forage crop in the 
states of Assam (Mukherjee, 1969-70), West Bengal (Chatter jee et 
a/., 1973), Bihar (Mukherjee and Chatterjee, 1955), Uttar Pradesh 
(IGFRI, 1972), Punjab (PAU, 1970), Haryana (Singh and Arora, 

1970; Relwani and Bagga, 1968), Orissa (Mandal and Vama devan , ^ 

1978; 1983), Maharashtra (Desai and Deore, 1977) and Madhya ' 

Pradesh (Khan, 1957). The species was claimed to be a palatable 
forage grass grazed by sheep, goats and cattle (Chatterjee and 
Das 1989). 

Dinanath grass is a high yielding, quick growing, luscious, 
leafy and thin stemmed grass. As a high yielding short duration 
grass it fits well in cropping systems between two arable crops. 

In case of monocropping of Dinanath grass usually one cut is 
taken after 80-90 days of sowing and then the crop is left for 
seed production. 

Systematic research on this grass was initiated at Sabor 
Agricultural College, Bihar in 1953 (Mandal and Chatterjee, 1953; 

Chatterjee et a/., 1954). In India, Chatterjee and Richharia 
(1955) were the earliest workers to investigate agronanical and 
ecotypic differences in Pennisetum pedicel latum. The plant type 
and their growth characters were further elaborated by Mukherjee 
and Prasad (1958), Sharma (1966), Chatterjee and Pillai (1970), 

Chatterjee and Reddy (1975) and Patil and Ghosh (1959-63). 
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Dinanath grass prefers a good moist soil during its active 
growth period. However, it also grows well in eroded marginal 
wastelands, banks of marshy areas and poor soils but gives much 
higher yields on fertile well drained loams receiving annual 
rainfall of 500 to 1500 mm. The grass is not suitable for flood 
prone areas and cold temperate regions. The grass grows well 
both in acidic as well as sodic soils. Dinanath grass can be 
grown in acidic soil without liming. It can also tolerate soil 
salinity of 12 mmhos/cm and soil pH ranging from 5.5 to 8.0 
(IGFRI, 1984)'. 

Dinanath grass has acquired a special place amongst kharif 
forages in many parts of the country. High tonnage, low water 
requirement, resistant to diseases and pests, good seed setting 
with no damage by birds are some of the points which go In favour 
of this grass (Bose, 1965; Chatterjee and Singh, 1967; Relwani 
and Bagga, 1968; Rathore and Kumar, 1977). 

Bose (1965) reported that in sandy soil of Dumaraon (Bihar) 
Dinanath grass outyielded pearl millet recognized as promising 
crop of the locality. Singh and Arora (1970) recorded green 
forage yield of Dinanath grass as high as 800-1000 q/ha against 
200-470 q/ha yield from maize, sorghum and pearl millet at 
Hissar. The yield levels of Dinanath grass in terms of green 
forage have been reported to be 1000 q/ha in West Bengal 
(Mukherjee et a/., 1976) and up to 1285 q/ha in Orissa (Mandal 
and Vamadevan, 1978), One more selected strain (T-15) of 


Dinanath grass significantly outyielded (700-800 q/ha) sc^ne of 
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the high yielding forages like jowar (300-400 q/ha) in green 
forage production (Singh, 1982). 

Comparative Performance of Pennisetum pedicel latum 
Varieties: 

Growth behaviour and forage yield: The varietal trials on 
Pennisetum pedicel latum conducted at various centres under All 
India Coordinated Research Project on Forage Crops in the last 
one decade provided very useful experimental evidence on their 
relative growth and productivity (AiCRPFC, 1981-82 to 1988-89). 

In 1981-82, significant variation in plant height was 
observed at Hissar and Rahuri but not at Jorhat. However, 
varieties did not differ significantly in number of tillers at 
any location in 1981. Variety Bundel-1 produced more(1ea^ than 
other varieties. IGFRI-3808 and Bundel-1 produced highest green 
forage yield of 153.7 and 446.0 q/ha at Anand and Hissar, 
respectively. The corresponding dry forage yields were 29.2 and 
104.4 q/ha. 

In 1982-83, variety Bundel-1 ranked second in plant height 
at Rahuri. Significant variation in green forage yield was 
recorded at Urulikanchan, Rahuri, Hyderabad and Jhansi. Variety 
Bundel-1 at Rahuri gave the highest green forage yield. The 
overall mean of the centre showed that variety Bundel-1 ranked 
third in green forage production. In case of dry matter, the 
differences were significant at Urulikanchan and Rahuri and not 
at Jhansi. 
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In 1983-84, at Urulikanchan variety Buncie1-2 produced 
tallest plant of 200.1 cm whereas, JP-1 resulted In shortest 
plant of 162.3 cm. However, Bunde1-1 and IGFRI-3808 produced 
plant height of 160.5 and 179.3 cm, respectively. Variety IGFRI- 
3808 produced 117.7 tillers per metre row length followed by 
Bundel-1 (89.0 tillers) and Bundel-2 (76.7 tillers) per metre 
length at Urulikanchan. The data on number of days taken to 
attain 50 % flowering at Urulikanchan was 89 days for Bunde1-1, 
85 days for IGFRI-3808 and 82 days for Bund6l-2. 

Significantly higher dry matter yield was recorded with 
variety IGFRI-S-4-1-2 (177.2 q/ha) followed by Bundel-2 (174.6 
q/ha). Bundel-1 producing 133.8 q/ha dry matter was 
statistically at par with variety IGFRI-3808 (145.9 q/ha). 

In 1984-85, at Rahuri variety IGFRI-S-2-2-2 ranked first 
(250.6 cm) in plant height followed by Bundel-1 (190.0 cm) and 
Bundel-2 (185.6 cm). Variety IGFRI-3808 produced plant height of 
143.0 cm. At Jabalpur variety Bundel-2 ranked first (241.0 cm) in 
plant height, whereas, variety IGFRI-3808 ranked 5th (204.0 cm) 
and Bundel-1, 10th (123.0 cm). The highest 1eaf:stera ratio 
occurred with variety IGFRI-S-4-1-2 followed by IGFRI-S-32-1. 
Variety Bundel-1 gave lowest leaf:stera ratio. Varieties IGFRI- 
3808 and Bund6l-2 showed almost similar leaf :stem ratio (0.44 and 
0.42). Variety Bundel-1 took 88 days in attaining 50 % flowering 
stage whereas, varieties Bundel-2 and IGFRI-3808 took only 80 


days at Jabalpur. The dry matter yields of variety Bundel-2 (71.8 
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q/ha), IGFRI-3808 (71.7 q/ha) and Bundel-1 (70.3 q/ha) were at par 
but significantly higher than JP-13 (46.2 q/ha), IGFRI-S-56- 
1(45.5 q/ha) and JP-1 (39.2 q/ha). Green forage yield of 
different varieties did not differ significantly at any location 
of central zone. However, on the basis of pooled data Bundel-1 
produced higher green forage yield of 212.4 q/ha as compared to 
Bundel-2 (209.4 q/ha) and IGFRI-3808 (190.8 q/ha). In case of dry 
forage production, Bundel-2 outyielded IGFRI-3808 and Bundel-1. 

In 1985-86, variety Bundel-2 ranked second in plant height 
at Rahuri. Variety Bundel-1 and IGFRI-3808 produced similar 
(96.7) number of tillers per running metre. Variety Bundel-1 took 
95 days in attaining 50 % flowering stage whereas, variety IGFRI- 
3808 took only 82 days. Variety Bundel-1 ranked 2nd in leafrstem 
ratio (0.36) and minimum leaf:stem ratio (0.20) occurred with 
IGFRI-S-2734. In green forage production, variety Bundel-2 
performed better and ranked third at Rahuri, Bundel-1 performed 
better at Urulikanchan and ranked third. IGFRI-3808 ranked 
second at Jabalpur but scored first over the centres. In case of 
dry matter yields, varieties differed significantly at Rahuri and 
Jabalpur and not at Urulikanchan. Bundel-2 ranked third at 
Urulikanchan, Bundel-1 ranked fifth at Urulikanchan and Rahuri 
and IGFRI-3808 ranked third at Jabalpur. Variety IGFRI-3808 
registered significantly highest crude protein yield (15.6 q/ha) 
and excelled out IGFRI-S-56-1, IGFRI-S-2734 and IGFRI-S-31-1 . On 


the basis of pooled data over the centres variety Bundel-2 
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produced highest crude protein yield (10.2 q/ha) followed by 
Bundel-1 (8.9 q/ha). 

In 1986-87, variety Bunde1-1 produced highest green forage 
yield at Rahuri. Bundel-2 produced highest green forage at 
Jhansi followed by Bundel-1. On the basis of pooled data over 
the zones, Bundel-2 ranked second in green forage production. 
However, varieties differed significantly in green forage 
production at Rahuri, Jhansi and Jabalpur and not at Akola and 
Urulikanchan. In case of dry forage, variety Bundel-2 produced 
highest yield at Jhansi, Akola and Jabalpur. On the basis of 
pooled data over the zones, variety Bundel-2 ranked second in 
dry forage production. The highest crude protein yield was 
recorded with IGFRI-S-2-2-2 followed by Bundel-2 (13.8 q/ha) at 
Urulikanchan and by Bundel-1 (8.7 q/ha) at Rahuri. The data 
averaged over the locations in 1986-87 produced crude protein 
yields in order of IGFRI-S-2-2-2 > IGFRI-S-56-1 > Bundel-2 > 
Bundel-1 . 

In 1987-88, at Jabalpur, variety Bundel-i recorded tallest 
plant of 162.2 cm followed by JP-13 (159.3 cm). Maximum 
leaf.'stem ratio was obtained with Bundel-2 followed by IGFRI-S- 
66-1. Variety Bundel-1 produced significantly highest green 
forage yield at Jabalpur. On the basis of pooled data over the 
zones, Bundel-2 ranked second in green forage as well as dry 
matter production. Variety Bundel-2 produced significantly higher 
crude protein yield (4.6 q/ha) as compared to Bundel-1 (3.9 q/ha). 
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Advanced varietal trials on Dinanath grass with nine entries 
in 1988-89 revealed that Bundel-2 produced tallest plants. 
Varieties Bundel-1, BDN-1 and TNDN-1 were observed to be late 
flowering. Variety JHP-2 produced highest green forage yield as 
compared to other entries including Bundel-1 and Bundel-2 in all 
the zones and on all India basis. In terms of dry matter 
production, variety Bundel-2 (174.6 q/ha) proved significantly 
superior over Bundel-1 (138.8 q/ha) which in turn did not differ 
significantly from IGFRI-3808 (145.9 q/ha). In crude protein 
yield, variety Bundel-2 ranked second. Moreover, variety JHP-1, 
JHP-2 and Bundel-2 had high neutral detergent fibre (NDF) content 
than other entries. 

Chemical composition and quality traits: Singh and Arora (1970) 
reported that Dinanath is relished by animals just like sorghum. 
The chemical composition of the grass on dry matter basis at 
flowering stage is as 6.5 % crude protein, 3.2 % ether extract, 
36.8 % crude fibre, 40.1 % nitrogen free extract, 14.4 X total 
ash, 85.7 % organic matter, 0.4 * calcium and 0.3 % phosphorus. 

The crude protein content of Dinanath grass is equivalent to 
sorghum and other graminaceous forages of kharif season harvested 
at flowering stage. The crude protein content ranged from 3.5 to 
6 % in 12 genotypes of Pennisetum pedicel latum harvested at 95 
days of growth (Das and Arora, 1976). However, a range of 6-10 
per cent crude protein has been reported at preflowering to 
flowering stage (Bose, 1965; Singh and Arora, 1970; Das et a?., 




1974; Pal et aL , 1975). 
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The most notable feature of the grass Is its low content of 
oxalic acid, i.e., 1.7 % against 2.5 % in bajra and 6.0 % in 
Napier grass. In Assam, Mukherjee (1970) recorded 0.42 kg of 
digestible protein and 3.55 kg of starch equivalent in 45.35 kg 
of green forage. Feeding of this grass to local bullocks ensured 
highly positive nitrogen balance and satisfactory phosphorus 
retention but calcium balance was slightly negative. Banerjee et 
al. (1973) recorded slightly negative nitrogen balance and 
marginally positive calcium balance in black Bengal goat. 

Upadhyay et al. (1978) reported that the digestibility of 
dry matter, organic matter and nitrogen free extract of Dinanath 
grass was satisfactory in Barbari goats. Nutrient balance study 
indicated that there was negative balance of nitrogen and 
phosphorus and positive balance of calcium. 

Digestibility of crude protein, ether extract, crude fibre, 
nitrogen free extract, dry matter, organic matter, digestible 
crude protein and total digestible nutrients were 48.5, 43.5, 
71.1, 59.0, 59.5, 63.3, 2.9 and 58.6 per cent, respectively. 

Oyenuga (1957) and Paul et a7. (1981) reported the superior 
nutritive value of the grass. They analysed the grass for 
proximate constituents at different stages of growth and found 
that its crude protein percentage was high and the rate of 
deterioration of digestibility appeared to be greater than 
perennial grasses, i.e. , Napier, Rhodes grass etc. 

The chemical composition and physical properties of Dinanath 
grass vary with stages of crop growth. Protein content decreased 
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whereas, structural carbohydrate Increased with age. Neutral 
detergent fibre (NDF), acid detergent fibre (ADF) and lignin were 
negatively correlated with invitro dry matter digestibility 
(Johri et aJ., 1975; Paul et ah, 1981; Das and Arora, 1976). 

The digestibility co-efficients for organic matter and crude 
protein were reported to be 69-73 and 63-65 per cent, 
respectively. The hemicellulose and cellulose contents in 
Dinanath grass were almost equal to other species of genus 
Pennisetum (Das et ah, 1978). 

Intercropping of Pennisetum pedicel J at urn viith Forage 
Legumes: 

In the recent past the cereal-legume intercropping is 
gaining importance both in temperate and tropical regions of the 
world (Searle et ah, 1981; McCollium, 1982; Allen and Obura, 
1983; Chui and Shibles, 1984). This may be due to some of the 
established and speculated advantages of intercropping systems 
such as higher grain yields, greater land use efficiency per unit 
land area, and improvement In soil fertility through the addition 
of nitrogen by fixation and excretion from ccxnponent legumes 
(Agboola and Fayemi, 1972; Willey, 1979; Eaglesham et aJ., 1981). 
The intercropping of legumes with cereals offers scope for 
developing energy efficient and sustainable agriculture 
(Papendick et a?., 1976; IAEA, 1980). In forage farming, the 
grass + legume intercropping increases forage yield, improves 
herbage quality, reduces the risk of anti-quality constituents 
and economises fertilizer nitrogen (Tiwana and Bains, 1976). 
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Dinanath grass is grown either as a pure crop or in mixture with 
forage legumes such as cowpea, ricebean and clusterbean. Dinanath 
grass performs well under mixed cropping in alternate 30 cm apart 
rows with cowpea or ricebean and thus provides quality forage for 
dairy cattle (Mukherjee et ah, 1982). 

Intercropping with legumes provides additional forage 
besides improving the quality of herbage. The legumes are rich in 
protein and also Improve soil fertility by fixing atmospheric 
nitrogen varying from 100-200 kg/ha (Ostrowski, 1972). 

Growth rhythm and forage yield: Chatterjee et aL (1978) reported 
that Dinanath grass and legumes yielded green forage of 450 q/ha 
and 250 q/ha, respectively. The intercropping system provides 
leafy, succulent, nutritious and palatable forage for longer 
duration extending up to the scarcity period of October to 
November in North India. 

Das and Chatter jee (1976) found optimum leaf area index of 
7.5 in Dinanath grass for intercepting 95 per cent of incident 
light. At low N level of 20 kg/ha, higher dry matter 
accumulation was observed up to 80 days in mixed cropping of 
Dinanath grass + ricebean/ cowpea than pure grass. 

Investigation by Senthivel eta). (1991) concluded that in 
pure stand, Dinanath grass produced highest green and dry forage 
yields. Cowpea in pure stand recorded higher crude protein yield 
over Dinanath and guar. Dinanath grass and cowpea cross sown at 
full seed rate registered highest green and dry forage yields as 
well as crude<i protein production over other combinations. 
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Higher forage and crude protein yields under mixed cropping of 
Dinanath grass + cowpea at full seed rates were also obtained by 
Trlpathi (1989) in rainfed vertisols. 

Das and Chatter jee (1977) studied the nature of competition 
between Dinanath grass and legumes-cowpea/ricebean both in 
summer and rainy seasons. Suttmer growth of grass tends to 
suppress the legumes while during rainy season the viny legumes 
suppress the grass. They also observed nitrogen economy In forage 
production through mixed cropping of grass and legumes with 20 kg 
N/ha and adequate quantity of P and K fertilizers. Eighty days 
after sowing, Dinanath grass + cowpea yielded as much dry matter 
as that of pure Dinanath grass obtained with 75-100 kg N/ha in 
dry season and 25-35 kg N/ha in wet season. The crude protein 
yield was highest with 160-190 kg N/ha in dry season and with SO- 
SO kg N/ha in wet season. 

The trial conducted under All India Coordinated Research 
Project on Forage Crops (AICRPFC, 1984-85 to 1986-87) concluded 
that in 1984-85 the green and dry forage yields obtained from 
pure stand of Penn isetum pedicellatum (271.4 q green and 61.5 q 
dry matter/ha) and with cross sowing Dinanath grass and cowpea 
(237.6 q green and 54.7 q dry matter/ha) were significantly 
higher than pure cowpea (58.1 q green and 15.4 q dry matter/ha), 
Dinanath grass + cowpea in row ratio of 1:1 (152.6 q green and 
32.8 q dry matter/ha), 2:2 (205,2 q/ha green forage) and 2:1 
(203.9 q green and 46.9 q dry matter/ha). The green forage yield 
in 2:2 planting pattern was statistically at par with that of 
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2:1. Pennisetum ped ice 11 atum pure as well as In combination 
with cowpea showed significantly higher green and dry forage 
yields as compared to cowpea pure. In 1985-86, the highest 
green and dry forage yields were recorded with cross sowing of 
Dinanath grass and cowpea at Kanke, Vellayanl and Jabalpur, while 
at Palampur and Coimbatore highest green forage yield was 
obtained with pure Dinanath grass. In 1986-87, out of seven crop 
combinations, Dinanath grass + cowpea was found most productive. 
The trial conducted at Kanke recorded the highest green and dry 
forage yields with cross sowing of Dinanath grass and cowpea 
followed by alternate rows of Dinanath grass + cowpea (1:1) and 
paired rows (2:2) of Dinanath grass + cowpea. 

Chatterjee and Roquib (1986) observed that Dinanath grass 
grown during mid July to mid October gave the highest green 
forage yield of 45.6 t/ha as compared to maize + cowpea grown 
during February to March (37.8 t/ha). Prasad (1986) reported 
that perennial Dinanath grass + StyJosanthes mixture proved 
superior over thin napier grass + Stylosanthes for hilly areas of 
Bihar. 

Nutrient outturn and forage quality: The mixed cropping of 
Dinanath grass with cowpea or ricebean in alternate paired rows 
recorded Increased forage yield, higher land equivalent ratio 
(LER), greater crude protein outturn and fertilizer use 
efficiency as compared to sole cropping (Tripathi et a1., 1984). 
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Tripathi (1989) also reported higher crude protein yield 
under mixed cropping systems of sorghum/pearl millet/ Pennisetum 
pedicel Jatum with cowpea and guar. Intercropping of Blue panic 
grass either with cowpea or guar resulted In the highest total 
crude protein outturn (Singh et ah, 1984). 

Studies on the effect of fertilizer application and legume 
introduction on the productivity of Dicanthium annulatum pasture 
revealed that the maximum dry matter yield of 69.6 q/ha was 
obtained with 60 kg N + 30 kg P 205 /ha followed by the 
introduction of Stylosanthes hamata fertilized with 30 kg P 205 /ha 
(67.5 q/ha). However, crude protein yield was maximum (6.67 
q/ha) with grass + Sty /osant/res hamata* 30 kg P 205 /ha followed 
by grass + Macroptelium atropurpureum * 30 kg P 205 /ha Indicating 
that Stylosanthes hamata was more suitable for Introduction In 
Dicanthium annulatum as compared to other legumes. The mixed 
stands, need to be fertilized with 30 kg P 2 O 5 per hectare for 
getting the higher yield of quality forage (Ral, 1988). The 
beneficial effect of grass-legume mixture over pure stand has 
also been documented by Chauhan and Faroda (1979) and Ral and 
Kanodia (1982). 

Narwal et al. (1988) reported more green forage yield In 
mixture of seed of legume and cereal and drilled In same row 
(22.03 t/ha) and Intercropping ( 21.2 t/ha) as compared to 
monoculture of soybean (20.07 t/ha), cowpea (18.23 t/ha) and 
pearl millet (13.05 t/ha). Cowpea + pearl millet mixture gave 
maximum green forage yield (22.57 t/ha) than other cropping 
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systems. Crude protein content of pearl millet was increased 
when sown in mixture (8.18%) and intercropping (8.52 %) as 
compared to its monoculture (7.77 %). Likewise, crude protein 
content of mixed forage grown in mixture (9.19 %) and 
intercropping (11.03 %) was greater than that of pure pearl 
millet fodder (7.77 %). However, voluntary dry matter intake, 
total digestible nutrients, dry matter digestibility and 
metabolizable energy of mixed fodder were similar when grown in 
mixture or intercropping systems. 

Singh and Singh (1986) on the basis of three years of 
experimentation on buffel grass {Cenchrus ci Ha ris linn.) found 
higher crude protein content, invitro dry matter digestibility 
and lower cell wall constituents when grown as buffel grass + 
guar, buffel grass + cowpea and buffel grass + fodder moth bean 
than buffel grass + grain cl usterbean, buffel grass + grain 
cowpea, buffel grass + grain moth bean or its pure stand. 
However, buffel grass + fodder clusterbean and buffel grass + 
grain moth bean excelled the other cropping systems for crude 
protein and /nv 7 tro dry matter digestibility of the buffel grass. 
Singh, (1983) found that intercropping of cowpea with anjan 
grass increased the forage production of the latter considerably. 
The lowest crude protein content was recorded with pure anjan 
grass. Maximum crude protein content was recorded with 
intercropping of cowpea. 

Mixed cropping improved the quality of herbage by increasing 
the protein content (Patel et af. i 1973) and reducing the level 
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of toxic constituents viz., oxalate in Dinanath grass. Tlwana 
and Bains (1976) also reported reduction in anti-quality factor 
like oxalic acid due to introduction of leguminous fodder crops 
in hybrid Napier. 

Effect of Nitrogen Nutrition on Pennisetum pedicel latum: 

Nitrogen is the key element in crop growth and is the most 
limiting nutrient in Indian soils. The paramount importance of 
nitrogen for Increasing herbage yield has been widely accepted. 
The major portion of the N taken up by plants is used in 
synthesizing protein. About 10-30 % of the total N in grasses 
will be found in non protein N (NPN) form. Tropical grasses have 
been reported to grow better than their temperate counterpart at 
low level of N. Nitrogen application not only increases the green 
and dry matter yields but also influences the quality of forage, 
particularly the level of protein (Menhi Lai and Tripathi , 1987 a). 

Nitrogen exercises favourable effects on growth attributes 
(plant height and number of leaves), palatability characteristics 
(leaf: stem ratio), quality parameters (protein and fat) and 
herbage yield of graminaceous forage species (Bajwa et aL, 1983; 
EL-Kassaby, 1985; Wani et ah, 1991). 

Forage yield and quality in relation to nitrogen nutrition: 
Dinanath grass is highly responsive to nitrogenous fertilizer 
(Bose, 1965; Mukherjee et ah, 1976; Rathore and Kumar, 1977; Pal 
et ah, 1975). Application of 49 kg N through FYM and 45 kg/ha 
through fertilizer produced 92 q/tia dry matter in single cut of 
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Dinanath grass. Top dressing of nitrogen at 4 weeks growth stage 
gives good results. In pure stand, 80 to 100 kg N/ha 1n two 
splits (half basal + half top dressed after 6 to 8 weeks of 
growth) may be applied. Application of 40 kg N/ha after every 
cutting Is conducive for regrowth. At Hissar Increasing levels of 
N up to 120 kg/ha and phosphorus up to 60 kg P 205 /ha increased 
both green as well as dry forage yields (Narwal et ah, 1977). 

Mukherjee et ah (1976) reported that nitrogen up to 150 
kg/ha Increased the dry matter yield (133 q/ha) significantly. 
The optimum dose of nitrogen for Dinanath grass was found to be 
145 kg N/ha. The cost:benef1t ratio of fertilizer application was 
10.2 and 9.5 at 100 and 150 kg N/ha, respectively. 

In some of the studies conducted at Indian Grassland and 
Fodder Research Institute, Jhansi, Dinanath grass has been found 
to respond up to 120 Kg N/ha In pure stand (Menhl Lai and 
Tripathi, 1987 a). Abraham et ah (1980) concluded that 
application of nitrogen to Dinanath grass was beneficial for 
Increasing yield and quality. They also reported that highest 
level of nitrogen (150 kg/ha) produced significantly higher 
forage yield than lower level of N (50 kg/ha). 

Pandey and Dwivedi (1992) concluded that the plant height In 
Dinanath grass Increased with Increasing levels of nitrogen up to 
120 kg/ha. The increase In plant height due to nitrogen 
application was also reported by (Cheema et ah, 1975). The 
number of tillers were 39.2/h111 at 90 kg N/ha and 40.7/h111 at 
120 kg N/ha. The number of leaves/plant as well as leaf length 
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Increased due to application of nitrogen over control treatment 
both In single cut and double cut systems. Application of 90 and 
120 kg N/ha produced leaves of 103.2 and 100.7 cm length. The 
green and dry forage yields of Dinanath grass significantly 
Increased due to Increase In nitrogen level up to 90 kg/ha. This 
has also been supported by Rathore and Kumar (1978). 

A linear increase in green forage yield of 2.8, 2.2, and 0.6 
q/ha was observed with each kg of nitrogen applied to Dinanath 
grass PP-10, PP-3 and sorghum JS-20, respectively. A linear 
Increase in green and dry forage yield was obtained consistently 
with the application of 80 and 160 kg N/ha over control treatment 
(Tlwari, 1965; Sinha and Chatterjee, 1966; Narwal, 1970). 

The studies conducted under All India Coordinated Research 
Project on Forage Crops (AICRPFC, 1975-76, 1981-82, 1985-86, 

1986-87, 1991-92) on the performance of Pennlsetum pedicel latum ^ 

in relation to nitrogen and phosphorus requirements revealed 
significant effect up to 150 kg N/ha at Kanke and Anand In terras 
of green forage yield In 1975-76. However, at Hyderabad 
significant increase was observed only up to 100 kg N/ha. In dry 
matter production, the significant response was obtained up to 
150 kg N/ha at Kanke and up to 200 kg N/ha at Anand. In 1981- 
82, Dinanath grass produced significantly higher green forage 
yield (274.1 q/ha) at 100 kg N/ha which was at par with 150 kg 
N/ha (294.1 q/ha). However, significantly highest dry matter 
yield (99.3 q/ha) occurred at 150 kg N/ha. In 1985-86, 
significantly highest green and dry forage yields were observed 


at 100 kg N/ha as compared to control treatments, however, the 
variation between the control plots and 50 kg N applied plots was 
not significant. In 1986-87 also, a linear Increase In green 
and dry matter yield was observed due to Increase In nitrogen 
from 0-100 kg N/ha. The experiment conducted at Palampur, 
Bhubaneshwar and Kanke in 1991-92 brought out that both green and 
dry forage yields differed significantly due to varying nitrogen 
levels from 0-90 kg/ha. 

Nitrogen application Increases crude protein and 
metabolizable energy but narrows down the nutritive ratio of 
forage (Menhl Lai and Tripathi, 1987 a). Studies conducted at 
Indian Grassland and Fodder Research Institute, Jhansi revealed 
higher forage as well as crude protein yield of range grasses due 
to the application of nitrogen ranging from 30-90 kg N/ha (Ral 
and Kanodia, 1981; Kumar et al., 1979; Kumar et ah, 1980; 
Dwlvedl et al., 1980). 

Kumar et al. (1980) reported linear response to nitrogen up 
to 90 kg/ha, resulting In 135 % increase In dry matter and 153 % 
increase In crude protein yield of Cenchrus s etigerus over 
control treatment. 

Bhatl and Singh (1982) sunwnarlsed that the dry matter and 
crude protein yields Increased significantly with the application 
of N up to 60 kg/ha. Forage yield attributes, viz., plant height 
and number of tillers as well as uptake of N and P Increased 
significantly with the same nitrogen dose. 
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Rai and Kanodia (1981) found significant Increase in crude 
protein yield (540.7 kg/ha) with nitrogen application of 120 
kg/ha. The investigation on the effect of N on dry matter yield 
and quality of Cenchrus ciT laris x Cenchrus setigerus hybrid 
grown in pure and mixed with Stylosanthes hamata under rainfed 
condition at Jhansi (Ra1, 1991) revealed that the highest dry 
matter (10.99 t/ha) and crude protein (1.16 t/ha) yields were 
obtained with 60 kg N/ha in pure stand which were significantly 
higher than the yields obtained with mixed stand receiving up to 
30 kg N/ha. However, the crude protein content of grass was 
higher in mixed stand at all the levels of N than pure stand. 
On an average crude protein content of grass was higher (8.4 %) 
in mixed stand than pure stand. 

Nitrogen Economy Through Grass + Legume Intercropping: 

In fixing atmospheric N 2 , legumes contribute to the N 
content of soil either as sole crops In rotation or as Intercrops 
(LaRue and Patterson, 1981). In such systems, legumes may 
either Increase the soil N status through fixation and excretion 
or In the absence of an effective N2-f1x1ng system, compete for N 
(Trenbath, 1976). 

The quantity of N 2 fixed by the legume component in cereal 
legume Intercropping depends on the species, morphology, density 
of legume in the mixture, the type of management, and the 
competitive abilities of component crops. 


The literature on nitrogen transfer suggests that N 2 fixed 
by the intercrop legume may be available to the associated cereal 
in current growing season (Agboola and Fayemi, 1972; Remison, 
1978; Eaglesham et ah, 1981; Pandey and Pendleton, 1986) or as a 
residual N for the benefit of a succeeding cereal crop (Nair et 
al., 1979; Searle et ah, 1981; Singh, 1983). Both forms of N 
transfer are considered to be important and could improve the N 
economy of various legume based intercrop systems. 

Roots and nodules of legumes are thought to be the important 
sources of N transfer because of their high N contents (Butler 
and Bathurst, 1956). In cowpea, Minchin et ah (1978) found N 
from these sources only 6 % of the total plant N, this may be 
inadequate to produce any substantial N benefit for a subsequent 
crop. From pot studies. Peoples et ah (1983) reported that N 
from roots and nodules of cowpea were 13 % of the total plant N. 

The degree to which N from intercropping legume may benefit 
a cereal crop depends on the quantity and concentration of the 
legume N, microbial degradation (mineralization) of the legume 
residues, utilization of these residues, and the amount of N 2 
fixed by the legumes (Henzell and Vail is, 1977; Herridge, 1982). 
The rate of mineralization of organic N, determined by microbial 
activity, is primarily influenced by the prevailing moisture and 
temperature regimes (Ladd and Amato, 1984). 

Ofori and Stern (1987) evaluated the N economy of maize- 
cowpea intercropping system using both N natural abundance and N 
labelled fertilizer methods. Tlisy found that cowpea maintained 
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its ability to fix atmospheric N 2 when intercropped with maize, 
but that N 2 fixation was reduced by N fertilizer application. The 
comparable P values (percentage of N derived from atmospheric N 2 ) 
of the intercrop cowpea with or without applied N was attributed 
to greater N uptake by the associated maize, which induced the 
companion cowpea to be more symbiotic. 

Rai et a1. (1980) obtained maximum forage production with 
the introduction of phasybean { Mac ropte J f um lathy ro ides) followed 
by field bean {Lablab purpureas) with nitrogen equivalence of 
129.9 and 121.1 %, respectively. This in turn, indicated that 
with the introduction of these two legumes in Sehima-Heteropogon 
grassland, the dry matter yield can be increased equivalent to 
that obtained with 40 kg N/ha. Similarly, Rai (1985) reported 
that the intercropping of legume in buffel grass increased the 
total forage yield which was equivalent to the application of 60 
kg N/ha. 

The studies at Indian Grassland and Fodder Research 
Institute, Jhansi revealed that intercropping of Dinanath grass 
with cowpea and clusterbean fertilized with 55 kg N + 45 kg P 2 O 5 
per hectare produced herbage yield equivalent to pure grass 
receiving 90 kg N + 30 kg P 2 O 5 per hectare but gave 1.5 times 
more outturn of crude protein per unit area indicating that 
Intercropping supplemented 35 kg N with an additional application 
of only 15 kg P 2 O 5 per hectare (Menhi Lai and Tripathi, 1987 a). 

There are three main sources of nitrogen in cereal-legume 
intercrop systems. These are, N f'ixed by the legume component 
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from the atmosphere, from fertilizer, and from soil. The data 
published by Eaglesham et al. (1981) In Western Nigeria and Oforl 
and Stern (1987) In Western Australia offer some scope for 
Illustrating N budgeting studies with maize and cowpea. Using 
equation suggested by Rennie et ah (1982) to calculate N from 
fixation, from fertilizer, and from soil, a N balance sheet was 
constructed for such a system with the data of Eaglesham et al. 
(1981). The densities of component crops, as sole crops were 
60,000 plants/ha of maize, 1,10,000 plants/ha cowpea, the 
Intercrop density was half of each sole crop density. 

The N contributed by seeds of maize and cowpea at sowing was 
less than 2 kg/ha, fixed N 2 by Intercrop cowpea was about 41 
kg/ha and N from fertilizer was 3 kg/ha. The total N In the 
crops was about 99 kg/ha, consisting of N from seeds, fertilizer, 
N 2 fixation, and 53 kg/ha from the soil. Assuming a seed N 
harvest index of 36 % for cowpea and 90 % for maize, the quantity 
of N removed in the Intercrop system was about 52 kg/ha, 28 kg/ha 
from maize and 24 kg/ha from cowpea. The N remaining In residues 
was 46 kg/ha. 

The observations that the efficiency of cereal-legume 
Intercropping relative to growing crops separately Is greatest at 
low level of N, suggest that at low N, the intercrop legume has a 
greater dependence on atraospheric N 2 and presumably, competition 
from the associated cereal Is minimised. 

The production efficiency of cereal-legume Intercropping 
could be enhanced through the use of more effective strains of 
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Rhyzobia and low rates of fertilizer N so as to maximize N2 
fixation of the intercrop legume. This will partially eliminate 
competition for N between cereals and legumes as Intercrops. To 
meet the high N requirements of the Intercrop cereal while at the 
same time promoting N2 fixation of the companion legume, slow 
release fertilizers might be used. This renders the N available 
to the cereal at about the peak vegetative stage, presumably 
after the N2-fix1ng system of the legume has become well 
established. 
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MATERIALS AND METHODS 



materials 
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METHODS 


The materials used and techniques employed In the 
conduct of field experiments and laboratory determinations have 
been described In this chapter. 

Experimental Site and Soil Characteristics: 

The field Investigation was conducted for two consecutive 
years during kharif (rainy) season of 1989 and 1990 at the 
Central Research Farm of Indian Grassland and Fodder Research 
Institute, Jhansi (U.P.). The soil of the experimental field was 
Parwa type of Buhdelkhand region covered under the order AJffsoJ. 
Parwa soil represents a kind of mixed red and black soil, medium 
In texture and water holding capacity. The soil Is prone to crust 
formation following rains. The soil falls to support plant growth 
if drought spell of 2-3 weeks prevails even under mild 
evaporative demand. Before the start of the experiment 
composite soil samples were collected from the experimental 
field from 0 to 15cm depth and were subjected to physico-chemical 
analysis (Table 1). The soil of experimental field was sandy clay 
loam in texture and neutral In reaction. The soil analyzed low 
In organic carbon as well as available nitrogen, raediimi 1n 
available phosphorus and high In available potassium. 
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Table 1. Physico-chemical characteristics of the soil of the 
experimental field 


Characteristics 

Value 

Method and Reference 

Mechanical composition 

Sand (%) 

48.0 

Bouyoucos hydrometer method 
(Bouyoucos, 1962) 

Silt (SK) 

21.6 


Clay (*) 

30.4 


Textural class 

Sandy clay 

loam 

Field capacity (%) 

24.2 

Pressure plate apparatus 
(Richards, 1947) 

Wilting point (X) 

8.4 

Pressure membrane apparatus 
(Richards, 1964) 

Available moisture (mm m S 

220.6 

Pressure plate apparatus 
(Richards, 1947) 

-3) 

Bulk density (g cm 

1.4 

Core sampler 
(Piper, 1950) 

Soil pH (1:2.5::so1l:water) 

7.3 

Combined glass electrode pH 
meter (Jackson, 1958) 

Electrical conductivity 
(dSm~^ at 25°C) 

0.18 

Solubridge method 
(Richards, 1954) 

Organic carbon (*) 

0.47 

Walkley and Black’s rapid titration 
method (Jackson, 1958) 

Available nitrogen 
(kg N/ha) 

210.0 

Alkaline KMn 04 method 
(Subblah and AsIJa, 1956) 

Available phosphorus 
(kg P/ha) 

18.2 

Olsen’s method 
(Olsen et ah, 1954) 

Available potassium 
(kg K/ha) 

390.0 

Flame photometer method 
(Toth and Prince, 1949) 
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Weather Conditions: 

Jhansi is situated at 25° 27’ North of latitude and 78° 
35’ East of longitude, 271 metres above mean sea level In semi- 
arid tract of Plateau and Hill Region of India. The rainfall 
varies from 800 - 1100 mm with annual mean of 936 iren. The 
potential evapotranspi ration goes as high as 1400-1700 mm 
resulting in moisture index value of -40 to -50. The rainfall is 
erratic and more than 90 * of the rainfall is received within 
10 weeks from July to mid September with many intermittent 
long dry spells. The total rainfall is received in less than 50 
rainy days. The winter rains are meagre and uncertain. Drought 
is a rule rather than exception in Jhansi. The drought in 
the month of June and September is expected once in three years 
and in July and August once in seven years. Two consecutive years 
experience drought in twelve years. Monsoon generally conmences 
by the last week of June but sometimes is delayed to the 
first week of July. The active monsoon usually withdraws by mid 
September. 

The average annual temperature of the place is usually high 
and there is a vast variation between maximum and minimum 
temperatures. The highest temperature in May and June sometimes 
touches a value of 48°C. Such a high temperature coupled with 
windy days results in high potential evapotranspi ration. This 
often causes standing crops to wilt even though the soil moisture 
regime may not be very low. The mean weekly values of 
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meteorological parameters for the crop periods In 1989 and 1990 
are presented In Table 2 and Illustrated In Fig. la and 1b. 

The rainfall during crop period was 487.5 mm In 1989 and 
844.1 mm In 1990. These rains were received In 15 and 31 rainy 
days in respective years Indicating that rains were well 
distributed In the second year. The year 1989 experienced long 
drought spell from standard week No. 36 beginning from September 
3 and active monsoon practically ceased. On the other hand. In 
1990 the cessation of monsoon started frcxn standard week No. 40. 
The relative humidity In 1989 varied frcwi 66 to 92 per cent for 
period I and from 22 to 73 per cent for period II. The 
corresponding values In 1990 ranged from 76 to 94 and 41 to 80. 

The maximum and minimum temperatures ranged respectively 
from 30.4 to 36.9®C and 18.8 to 28.8°C In 1989 and from 28.0 to 

ift 

33.4°C and 18.7 to 26.3°C In 1990. The mean weekly evaporation 
varied from 1.9 to 6.5 mm In 1989 and from 2.4 to 5.6 ram In 
1990. The minimum evaporation occurred In the standard week No. 
33 In 1989 and In standard week No. 38 In 1990. The maximum 
values of evaporation were recorded In standard week No. 41 
and 33 In respective years. 
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during crop period 

Period 1 and Period II denote relative humidity at 07:16 and 14:16 hours, respectively. 
- denotes rainfall In traces and NA indicates data not available. 


Temperature ( C) Weekly cumulative rainfall (mm) 




FIG 1a-. WEEKLY CUMULATIVE RAINFALL 
AND MEAN RALATIVE HUMIDITY FOR 
CROP PERIODS IN 1989 AND 1990 


27 28 29 30 81 32 33 34 35 86 37 38 39 40 41 

Standard week number 


1989 ™ 1990 


1989 1990 


1909 1990 


Figures at the top of the bar Indicate number of rainy days 

FIG 1b: WEEKLY MEAN TEMPERATURES AND 
PAN EVAPORATION FOR CROP PERIODS 
IN 1989 AND 1990 


—.MAXIMUM TEMPERATURE 


MINIMUM TEMPERATURE 


RAN EVAPORATION 


27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 

Standard week number 


1989 - 4^1990 -'- 1909 - 5^-1990 








35 


Cropping History of the Experimental Field: 


The 

cropping history of the experimental field 

given below: 



Year 

Kharif 

Rabi 

1988 

Clusterbean 

Oat 

1989 

Experimental crops: 

Oat 


Pennisetum pedicel latum 



Pennisetum pedicel latum + 
cowpea 



Pennisetum pedicel! atum + 
clusterbean 


1990 

As In 1989 mentioned above 

Oat 


Field Preparation and Experimental Layout: 

The experimental field was prepared by ploughing with tractor 
drawn cultivator and cross discing with disc harrow followed by 
planking. Layout of the experimental field was done by making 
drainage channels and plot bunds. Each plot was levelled to avoid 
stagnation of water and tilled to ensure good seed bed for 
fluffy seeds. The plan of layout Is given in Fig. 2. The 
treatment combinations were allocated to different plots using 
Fisher and Yate’s random table. 








FIG 2: PLAN OF LAYOUT 
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Experimental Detai 1 s : 


Treatments: 


A. Pennisetum pedicellatum varieties 


:(V): 3 


IGFRI-S-43-1 (Bundel-1) 
IGFRI-S-4-2-1 (Bundel-2) 
IGFRI-3808 


VI 

V2 

V3 


B. Crop stands 


(C): 3 


Pennisetum pedicellatum pure :C1 
Pennisetum pedicellatum + cowpea (2:2) :C2 
Pennisetum pedicellatum + clusterbean (2:2) :C3 


C. Nitrogen levels (kg/ha) 


:(N): 3 


30 

60 

90 


N1 

N2 

N3 


Total treatment combinations 


: 3X3X3 = 27 


Experimental design 


:3 partial confounding 


Replications 


:Two with 6 blocks each 
of 9 plots 


Total No. of plots 

Plot size : Gross 
Net 


iS.O m X 4.5 m 
;4.0 m X 4.0 m 


:54 

«« r 2 

22.5 m 
16.0 


Characteristics of Pennisetum pedicellatum Varieties: 
IGFRI-S-43-1 (Bundel-1): This variety Is a selection from an 
indigenous material collected from Madhya Pradesh. It was 
reccsnraended for release In 1986. It Is widely adapted variety for 
the whole country. The height of the plant ranges from 200 to 226 
cm. It flowers between 100 and 110 days after sowing (DAS) and 


attains maturity between 140 and 150 days. Thus, It Is a late 


maturing variety. 
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The variety has high field resistance to leaf spot, 
HeJmInthosporlum and other diseases. It has considerably high 
degree of resistance to major Insect pests. Bundel-1 Is drought 
hardy, responsive to high fertilization and lodging resistant. It 
has high tillering ability and good regeneration capacity. The 
variety Is capable of giving 2 to 3 cuts under high fertility 
situations. The average green forage yield ranges from 60 to 
70 t/ha. IGFRI-S-43-1 Is better In forage quality with high crude 
protein and Invitro dry matter digestibility. 

IGFRI-S-4-2-1 (Bundel-2): This variety Is a mutant progeny of 
exotic material pedigree 3808-4-2-1 from France. Bundel-2 was 
recommended for release In 1988 for whole country. The plant 
height ranges from 175 to 200 cm. It flowers between 80 and 85 
days and attains seed to seed maturity between 125 and 130 days. 
Thus, it Is an early maturing variety. This variety possesses 
considerably high tolerance to leaf spot, Helminthosporim and 
other major diseases. It has fairly high resistance to major 
Insect pests. It Is drought hardy, responsive to fertilizers and 
resistant to lodging. It has high tillering and good regeneration 
ability. On an average, it can produce green forage of 55-70 
t/ha. Also, It is superior In quality as It contains high crude 
protein content and better dry matter digestibility. 

IGFRI-3808: This variety has good popularity with farmers In 
different agro-cllmatlc zones of the country owing to Its high 
production potential and superior quality. It Is a prolific seed 
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producer. The plant height ranges from 175 to 200 cm. It flowers 
between 80 and 85 days and matures between 115 and 120 days. This 
variety 1s an early type and Is highly tolerant to leaf 
Helminthosporlum and major Insect pests. It Is tolerant to 
drought, resistant to lodging and highly responsive to 
fertilizers. It has good tillering and regeneration ability. This 
variety Is capable of giving 2-3 cuts under high fertility 
situations. 

I 

Characteristics of Intercropped Legumes: 

Cowpea { V1gna u ngulcu lat a L./^, variety HFC-42-1: It Is a 
selection from strain No. 42. This variety was released In 1975 
for general cultivation In Haryana and was recommended for whole 
country In 1976. It Is an excellent variety for mixed cropping 
due to Its quick and erect growing nature. The variety Is 
moderately resistant to mosaic and also resistant to major Insect 
pests. It has dark green foliage. It yields about 32 t green and 
7.5 t dry matter/ha. It has high protein content (18 X). Its 
fodder Is highly palatable and nutritious. The seed Is small In 
size and creamlsh white In colour. The variety flowers In 60 days 
and attains maturity between 110 and 115 days. 

Clusterbean {Cyamopsls tetragonoloba Taub.}, variety IGFRI-212: 
The variety IGFRI-212 (Bundel guar) Is a fodder cum seed type. It 
Is a single plant selection frc»» Indigenous material from 
Rajasthan. This variety has been recommended for entire guar 
growing areas but most suited for cultivation In arid and semi- 
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arid zones of the country. The plant height ranges from 95-116 
cm. It flowers between 80 and 85 days and matures between 120 and 
135 days. The variety comes under medium group of maturity. It Is 
moderately resistant to bacterial blight and also resistant to 
major Insect pests. It is resistant to lodging and seed 
shattering, and responsive to fertilizers. Its fodder Is highly 
palatable and nutritious for all kind of livestock. Its 
digestibility Is around 72 per cent. The average green and dry 
matter yield Is 27.4 t and 5.8 t/ha, respectively. 

Fertilizer Schedules: 

Nitrogen as per the treatments, was applied In the form of 
urea containing 46 % nitrogen as per the schedule given below: 

Nitrogen levels Dose (kg/ha) Top dressing of 

(Kg/ha) at sowing N (kg/ha) 

Days After Sowing 

20 40 


30 

10 

10 

10 

60 

20 

20 

20 

90 

30 

30 

30 


Besides, all the plots received basal fertilizer dose of 40 
kg P 2 O 5 + 30 kg K 20 /ha through single super phosphate and muriate 
of potash, respectively. The basal dose of fertilizers as 
indicated above was placed In furrows below the seed. The top 
dressing of urea was done along the grass rows by mixing It with 


friable moist soil. 
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Sowing: 

Pennisetum pedlcellatum varieties as pure stand were sown In 
lines 25 cm apart using a seed rate of 6 kg/ha. Each grass 
variety was also Inter-cropped with cowpea (HFC-42-1) and 
clusterbean (IGFRI-212) In 2:2 grass: legume paired rows 25 cm 
apart In replacement series using the proportionate recommended 
seed rates. Cowpea § 30 kg and clusterbean e 25 kg seed/ha were 
used. The sowing was done through Kera method on July 25 In 1989 
and on July 7 In 1990. After a week, thinning and/or gap filling 
was done to maintain optimum plant population. 


Crop Management: 

As an effective weed management practice one Interculture 
operation and one manual weeding at 30 days after sowing was 
provided. During the period of heavy rains however, excess water 
was drained to provide well drained conditions. 



Harvesting: 

The crop was harvested plot-wise for green forage by labours 
with the help of sickle at pre-flowering stage of grass. The 
grass and legume components were harvested on October 13 In 1989 
and September 29 In 1990 and their forage yield was recorded 
separately. Thus, the crop duration worked out to be 80 days In 



1989 and 84 days In 1990. 
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Observations Recorded: 

Plant Population: 

Plant population per running metre was counted fran randomly 
selected three places In each plot at the harvesting stage. 
Number of shoots per linear metre In case of grass and number of 
plants per running metre In legumes were recorded. The average 
plant population per running metre was worked out for grass and 
legume components separately. 


Growth characters: The observations on growth characters were 
recorded at forage stage before harvesting the crop. The 
following biometrical measurements were taken on five plants 
randomly selected In each plot. 



Plant height: The height of five grass shoots In each plot was 
measured In centimetres and averaged out. The height measurement 
was taken from ground level to the base of fully opened leaf 
and/or to the base of panicle depending upon the stage of a 
particular plant. In case of legumes, the plant height was 
measured from base to the tip of plants. 

Number of functional leaves : The green leaves of five tillers In 
case of Penrrisetum pedicel Jatum and five plants In case of cowpea 
and clusterbean were counted and reported as number of functional 
leaves per tiller or per plant. 

Length and breadth of leaves: These measurements were taken for 
grass component only. For this, third leaf from the top was 
selected from five plants on which Height measurement was taken. 
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The maximum length and breadth of such leaves were measured 1n 
centimeters. 

Leaf area: The area of Individual grass leaf was determined In 
2 

cm using the following formula advocated by Yogeswara Rao et af. 

(1966): 

Leaf area (cm^) = length (cm) X breadth (cm) X 0.75 1^“ /^ 

^ / 

The leaf area of cowpea and clusterbean was, however, 
determined by planlmeter. 

Leaf area Index (LAI): Leaf area Index Is the area of leaves per 
unit land area. It was calculated by dividing total leaf area 
with land area as given below: 

Leaf Area 

L A I = 

Land Area 

Leaf:steffl ratio: At harvest, the plants drawn for the measurement 
of growth characters were utilized for determining tire leaf:stem 
ratio. For this, the leaves were separated out from the stem 
(shoot). The fresh weight of leaves and stem was recordal 
separately. The leaf weight was divided by stem weight to arrive 
at leaf:stera ratio. 

Relative leaf turgldlty percent: The relative turgldlty or 
relative water content (RWC) of leaves was determined by the 
method described by Shaw and Lalng (1966). For this the third 
leaf from the top was taken as the representative one. Such three 
leaves from three tlllers/plants per plot were sampled Just 
before harvesting and their fresh weight was recorded. These 
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leaves were dipped In water over night to allow th«n to become 
■fully turgid. After taking out from water, the turgid weight was 
recorded. The leaves were then dried In oven at 80°C for constant 
Weight. Finally, the dry weight was taken and the relative 
turgidity percentage was calculated by the following formula: 

Fresh weight - Dry weight 

Relative leaf turgidity * = — X 100 

Turgid weight - Dry weight 

All the weights were expressed In grams. / 

Root biomass: Root biomass of grass varieties was studied just 
after harvesting. Soil mass from 25cm x 25 cm area keeping the 
grass plant In centre was dug out from 0-15 and 15-30 cm depth 

frcmi 3 randomly selected places from each plot. Thus the volimie 

3 

of the soil for root biomass studies works out to be 9375 cm for 

3 

0-15 or 15-30 cmr and 18750 cm for cumulative depth of 0-30 cm. 
The roots were washed with water from the whole soil mass through 
a 2 ran sieve. The root biomass thus collected was oven dried and 
weighed separately for both the depths. These weights were ackied 
to arrive at total root biomass of 0-30 cm depth. 

Nodulatlon in forage legumes: To determine the number of nodules 

In legume component, 3 samples frcxii 25 cm X 25 cm X 30 an 

' ' '3 ' ' 

representing a soil volume of 18750 cm were collected randomly 
from each plot and the whole soil mass was taken out. The roots 
were separated from the soil by washing with gently flowing 
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water. On washed out roots the nodules were counted and averaged 
out. 

» 

Dry matter content: At harvesting, plant s«unp1es of each crop 
component weighing 200 g were collected from each plot In paper 
bags. These samples were dried In hot air oven at 80°C for 48-72 
hours to get constant weight. After taking the dry weight, the 
dry matter percentage was worked out. 

Green Forage Yield: 

After harvesting the produce of component crops iPennIsetum 
pedlcellatum, cowpea and clusterbean) was weighed separately In 
kilograms for net plot size. In case of Intercropping treatments, 
the yields of grass and legume were added to obtain total forage 
yield. The yields obtained from Individual plots were converted 
and expressed as green forage yield In q/ha. 

Dry Matter Yield: 

The plot-wise data on green forage yield for component crops 
were multiplied with corresponding dry matter percentage to 
obtain dry matter yield In kg/plot which were later on converted 
to q/ha. The total dry matter yield In Intercropping system was 
worked out as It was done for green forage yield. 

Per Day Productivity: 

The productivity per day In terms of green forage and dry 
matter yields was worked out by dividing the total yields with 
respective crop duration. The productivity was expressed as 
q/ha/day. 1 4? 
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Chemical Analysis : 

At the time of harvesting, the plant sanples drawn for the 
estimation of dry matter content from each plot were processed 
and subjected to chemical analysis for determination of crude 
protein (CP), water soluble carbohydrates (WSC), oxalate content 
as well as fibre fractions. The procedures for determination of 
quality parameters are described below: 

Crude protein (CP): The total nitrogen content in the plant 
sample was determined by mIcro-Kjeldahl method (A.O.A.C., 1970). 
For this, 0.5 g sample was transferred In Kjeldahl flask and 
digested In 10 ml of concentrated H2SO4 using catalyst mixture 
(K2SO4 and CUSO4 in the ratio of 20:1). The digested material was 
transferred to 50 ml volunetric flask with distilled water and 
the volume was made up to the mark. An aliquot of 5 ml was 
distilled with 40 % NaOH and the airmonla liberated was absorbed 
In 10 ml of 4 * boric acid containing Tashano’s mixed indicator 
(bromocresol green and methyl red). The distillate was titrated 
with standard (N/10) H2SO4. Nitrogen was calculated using the 
expression 1 ml of N/10 H2SO4 = 0.0014 g of nitrogen. Crude 
protein content was computed by multiplying the nitrogen 
percentage with a factor of 6.25. The total outturn of protein 
was calculated by multiplying dry matter yield with corresponding 
crude protein percent. 

Water soluble carbohydrates (WSC): The content of water soluble 
carbohydrates was determined by method of Johnson et al. (1966). 
To determine water soluble carbohydrates in plants, 0,2 g of dry 
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plant samples were shaken with 100 ml of distilled water in a 
shaking machine, then 1 g of activated charcoal was added and the 
contents were filtered. From the filtrate, an aliquot of 2 ml was 
taken in a test tube and 2 drops of phenol (80 X) and 5 ml of 
concentrated H 2 SO 4 were added to it. After shaking, the tubes 
were allowed to stand for 20 minutes. Then the optical density 
was measured on Spectron1c-20 spectro-coloriraeter at 490 urn and 
the concentration of water soluble carbohydrates was determined 
from the standard curve. 

Oxalate content: The total oxalate content In plant samples was 
determined by Peach and Tracey (1955) method. To determine the 
oxalate content 2 g dried plant sample was boiled in 100 ml IN 
hydrochloric acid and refluxed for 15 minutes. After cooling. It 
was filtered through dry filter paper, 12.5 ml filtrate was taken 
In a centrifuge tube and 2.5 ml phosphotungstate reagent ( 
prepared by dissolving 24 g sodlumtungstate in water, adding 40 
ml syrupy phosphoric acid (sp. gr. 1.75) and diluted to 1 
litre) was added. The contents were mixed and kept for 5 hours, 
centrifuged for 10 minutes at 3000 rpm. Then 10 ml 
centrifuged supernatant solution is taken in another centrifuge 
tube and ammonia (sp. gr. 0 . 88 ) is added drop by drop till 
alkaline, followed by 3 ml calcium chloride buffer (containing 25 
g anhydrous calcium chloride In 500 ml 50 per cent (v/v) glacial 
acetic acid + 300 g sodium acetate in 500 ml water, pH 4.5). 
The content was mixed and kept over night in refrigerator, 
centrifuged for 15 minutes and washed by wash solution (A 5 X v/v 


47 


solution of acetic acid kept over calcium oxalate at room 
t®nperature) duly filtered before use. After carefully removing 
the washings through centrifuging, the precipitate was dissolved 
in 2.6 ml of 10 X H2S0^ and was titrated against standard N/50 
potassium permanganate solution to determine the oxalic acid 
content using the following formula : 

1 ml 0.02N KMnO^ = 0.0009 g oxalic acid 

Determination of Fibre Fractions: 

Processing of plant sanH>1es: Plot wise samples on which dry 
matter determination was undertaken, were ground Into fine powder 
by 'Willey mill’. For estimating fibre fractions, 27 composite 
samples were prepared by thoroughly mixing the saa^iles 
of the corresponding treatment combinations from both tl» 
replications. These samples were subjected to the determination 
of fibre fractions In duplicate and the values were averaged out. 
The procedures for estimation of various fibre fractions are 
described below: 

Neutral detergent fibre (NDF): Neutral detergent fibre was 
determined by the method of Van Soest and Wine (1967). A 0.5 g 
sample was weighed in 600 ml spout less beaker. To this, 100 ml 
of neutral detergent solution (30 g sodium lauryl sulphate, 18.61 
g EDTA (sodium salt) 6.81 g sodium tetraborate decahydrate and 
4.56 g disodium hydrogen phosphate and 10 ml a-ethoxy-etharral In 
one litre distilled water) and 2 ml of Oecalln (decahydro- 
napthalln) and 0.5 g of sodium sulphite were added. The content 
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were refluxed for 60 minutes and filtered Into a tared sintered 
glass crucible (porosity Q1). The contents were washed thoroughly 
with hot water followed by acetone twice. The crucibles were 
dried at lOO^^C for 24 hours In a thermostatically controlled hot 
air oven, weighed and Ignited at 500°C In a Muffle furnace for 4 
hours and reweighed after cooling. Neutral detergent fibre (ash 
free basis) was calculated. 

Acid detergent fibre (AOF) : Acid detergent fibre was determined 

by Van Soest method (1963). The procedure for ADF estimation was 

similar to that of NDF estimation except that 2 g sample was 

taken Instead of 0.5 g and acid detergent solution (2 X solution 

of cetyl trimethyl ammonium bromide In IN H2SO4) was used In place 

of neutral detergent solution and no sodium sulphite was used. 

Acid detergent lignin (ADL): Acid detergent lignin was determined 

by the method of Van Soest (1963). To the ADF residue In the 

crucible, 72 X sulphuric acid was added to cover the contents. 

The crucible was then stirred with glass rod to make a smooth 

paste, breaking all lumps. The glass rod ronalt^ In the crucible 

and stirring continued at an hourly Intervals by iwtdlng 72 X 

H2SO4 as and wton It drained out. After 3 hours, the acid was 

filtered and the contents were washed with hot water to make acid 

free. The crucible was dried at 100°C for 8 hours and wel^ied 

o 

after cooling. The crucible was kept In Muffle fuinace at 500 C 
for 4 hours and weighed after cooling. 
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Heffllcellulose and celTulose: These fibre fractions were canputed 
using the following formulae: 

Hemicellulose = Neutral Detergent Fibre - Acid Detergent Fibre 
Cellulose = Acid Detergent Fibre - Acid Detergent Lignin 

Acid insoluble ash content (Plant silica): Ash remaining after 
the Ignition of lignin in the estimation of ADF Is being reported 
as acid Insoluble ash or plant silica. 

Nutrient Uptake: 

The uptake of nitrogen at harvest stage was ccmiputed 
treatment wise by multiplying dry matter yields with the 
corresponding nitrogen contents and the values were expressed In 
kg/ha. 

Statistical Analysis: 

Analysis of variance and test of significance : The data on 
various growth characters at harvest and forage yields were 
subjected to statistical analysis by the method of "Analysis of 
variance" as advocated by Fisher (1948). However, the data on 
quality parameters pertaining to single replication were 
statistically analyzed as In case of factorial experiment 
treating the mean sum of squares due to variety X crop stand X 
nitrogen (8 d.f.) as error. The two factor interactions were 
tested for significance. The significance of treatment effect was 
tested with the help of variance ratio (F value). The values of 
SEm+ and critical difference (CD) were worked out by the 


50 


following formulae for judging the significance of difference 
between two treatment means: 

SEm± = /vE/n 

where, VE = Error variance; n = number of observations 
Critical difference (CD) = Jz X SEmt X t at 5 % for error d.f. 

Fitting of response functions: In order to determine the nature 
of response of Pennisetum pecf/ce 7 Zatum varieties to nitrogen in 
pure and mixed stands, linear and quadratic components were tested 
for significance. The response equations were developed and 
curves fitted by the techniques of least square difference. 
Graphical representation of data: The data obtained on various 
aspects under the investigation have suitably been depicted 
through graphs, histograms and curves developed by Harvard 
Graphics on WIPRO GENIUS-486(T) computer wherever necessary in 
order to illustrate the experimental findings. 
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EXPERIMENTAL FINDINQS 


This Chapter presents the results on the performance of 
Pennisetum pedicel latum varieties as pure stand and Intercropped 
with cowpea and clusterbean as well as brings out the Influence 
of nitrogen nutrition on growth, yield and quality of component 
crops. The data on crude protein, water soluble carbohydrates, 
oxalate content and fibre fractions are given as measures of 
forage quality. The response functions are presented to 
Illustrate the nature of response to fertilizer nitrogen for 
Pennisetum pedicel latum varieties In pure and mixed stand with 
forage legumes. 

Growth and Development of Component Crops : 

Number of tillers/plant population: The number of tillers per 
running metres (m) In Pennisetum pedicel! atiai and number of 
plants/running metre In legumes at harvest were more In 1989 than 
In 1990 (Table 3 and Fig. 3). In 1989, variety IGFRI-3808 
produced significantly more number of tillers per running metre 
than Bundel-1 and Bundel-2 whereas In 1990, It was at par with 
Bunde1-2. The variation between Bundel-1 and Bundel-2 In respect 
of number of tillers was not significant In both the years. The 
plant population of legumes Intercropped with Bundel-1 was 
higher than Intercropped with Bundel-2 and IGFRI-3808 In 1989 but 
not In 1990. 


52 


Table 3. Number of tlllers/plants per running metre 


T reatments 

1989 

1990 

Mean 


Grass Legume 

Grass Legume 

Grass Legume 

Pennisetum pedice 7 latum 
varieties 







IGFRI-S-43-1 (Bundel-1) 

61.4 

16.2 

61.4 

13.6 

61.4 

14.9 

IGFRI-S-4-2-1 (Bundel-2) 

67.1 

16.1 

69.9 

13.8 

68.5 

14.5 

IGFRI-3808 

86.2 

13.6 

78.0 

13.1 

82.1 

13.4 

SEm+ 

2.69 


3.34 




CD 3it# 6% 

7.61 


9.79 




Crop stands 







Pennisetum pedicel latum 
pure 

85.3 


83.8 


84.6 


Pennisetum pedicel latum 
+ cowpea 

55.5 

9.3 

50.1 

8.0 

52.8 

8.7 

Pennisetum pedicel! atum 
+ clusterbean 

73.8 

20.6 

75.3 

18.8 

74.6 

19.7 

SEm± 

2.59 


3.34 




CD at 5% 

7.61 


9.79 




Nitrogen levels (kg/ha) 







30 

69.6 

14.6 

68.7 

13.7 

69.2 

14.2 

60 

74.1 

15.9 

71.0 

13.7 

72.6 

14.8 

90 

71.0 

14.4 

69.6 

13.1 

70.3 

13.8 

SEm± 

2.59 


3.34 




CD at 5X 

NS 


NS 




General mean 

71.6 

14.9 

69.8 

13.5 




NS = Not-signlf leant 


Number of t1 ners/metre Numbers of tillers/metre Numbers of tillers/metre 




FIG 3: NUMBER OF TILLERS/PLANTS 
PER RUNNING METRE 
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Differential crop stands caused significant variation in 
number of tillers in both the years. The pure stand of 
Pennisetum pedicel latum recorded significantly higher number of 
tillers than its association with cowpea in both the years. In 
association of clusterbean, Pennisetum pedicel latum, however, 
showed significantly more number of tillers In 1989 whereas in 
1990 the Variation did not reach the level of significance. The 
plant population of clusterbean was 2 to 2.5 times greater than 
cowpea in intercropping system. 

Significant difference in number of tillers was not observed 
due to increased levels of nitrogen from 30 to 90 kg/ha. 
However, 60 kg N/ha produced maximum number of tillers in 
Pennisetum pedicel latum as well as number of legume plants per 
running metre in both the years. 

Plant height: The data on plant height have been presented In 
Table 4 and depicted in Fig. 4. A perusal of the data revealed 
that Pennisetum pedicellatum attained more plant height (158.1 
cm) In 1989 than In 1990 (135.1 cm). On the contrary, the mean 
plant height of legume component was higher In 1990 (166.9 cm) 
than In 1989 (125.1 cm). Significant variation In plant height 
of different Pennisetum pedicel latim varieties occurred and 
variety IGFRI-3808 though at par with Bunde 1-2 excelled over 
Bundel-1 In both the years. Further, Bundel-2 also established 
its significant superiority over Bundel-1 In plant height. The 
average plant height was maximum In case of IGFRI-3808 followed 
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Table 4. Plant height (cm) at harvesting stage 


Treatments 

1989 

1990 

Mean 


Grass Legume 

Grass Legume 

Grass Legimie 

Pennisetum pedicenatm 
varieties 







IGFRI-S-43- 1 ( Bunde 1 - 1 ) 

127.9 

124.3 

124.6 

166.1 

126.3 

145.2 

IGFRI-S-4-2-1 (Bundel-2) 

171.0 

124.9 

139.7 

171.0 

165.4 

147.9 

IGFRI-3808 

176.4 

126.0 

141.1 

163.6 

158.3 

144.8 

SEm± 

3.51 


3.01 




CD at 5* 

10.31 


8.83 




Crop stands 







Penn isetum ped Ice J latum 
pure 

162.3 


127.6 


145.0 


Pennisetum pedicel Jatum 
+ cowpea 

152.9 

131.5 

129.3 

192.4 

141.1 

162.0 

Pennisetum pedlcellatum 
+ clusterbean 

159.2 

118.6 

148.5 

141.4 

153.9 

130.0 

SEm+ 

3.51 


3.01 




CD at 5% 

NS 


8.83 




Nitrogen levels (kg/ha) 







30 

155.7 

126.0 

128.6 

161.2 

142.2 

143.6 

60 

163.7 

126.6 

140.0 

168.8 

151.9 

147.7 

90 

155.4 

122.6 

136.8 

170.6 

146.1 

146.6 

SEmt 

3.51 


3.01 




CD at 5* 

NS 


8.83 




General mean 

158.1 

125.1 

135.1 

166.9 





Plant height (cm) Plant height (cm) Plant height (cm) 
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by Bunde1-2. Legumes attained maximum plant height In association 
with grass variety IGFRI-3808 In 1989 and with Bundel-2 In 1990. 
On an average, the plant height of legume varied In narrow range 
of 144.8 to 147.9 cm In association with different grass 
varieties. 

The variation In plant height of Pennisetum pedicellatum 
under different crop stands was not significant In 1989. In 1990, 
however, Pennisetum pedicellatum registered significantly highest 
plant height in association with clusterbean as compared to 
either pure grass or Its Intercropping with cowpea which were at 
par between themselves. On an average, tallest grass plants were 
observed when Intercropped with clusterbean. Between legumes, 
cowpea had taller plants than clusterbean In Individual year as 
also over the years. 

The levels of nitrogen did not Influence plant height of 
grass components significantly In 1989. However, In 1990, 
Pennisetum pedicellatum had significantly tallest plants with 60 
kg N/ha as canpared to 30 kg N/ha. But both these levels did not 
differ statistically from 90 kg N/ha In terms of plant height. 
The trend In plant height of legume component was different In 
two years. Application of 90 kg N/ha showed slightly depressing 
effect on plant height In 1989 but favourable effect In 1990. 
The mean plant height was maximum at 60 kg N/ha. 

The Interaction varieties x crop stands for plant height was 
significant In both the yearsCTable 6). Variety Bundel-2 



Intercropped with cowpea produced tallest plant (184.7 cm) In 
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1989 but did not differ significantly in pure stand or 
intercropped with clusterbean. Variety IGFRI-3808 in pure stand 
or intercropped with clusterbean also produced similar plant 
height. In 1990 also, variety Bundel-2 produced tallest plants 
when intercropped with clusterbean. However, this combination 
was at par with most of the interactions Involving varieties x 
crop stands. 

The significant interaction between crop stands and nitrogen 
levels in 1989 (Table 6) indicated that Pennisetum pedicellatum 
attained maximum plant height (170.2 cm) at 60 kg N/ha when 
Intercropped with clusterbean closely followed by pure grass 
stand receiving 90 kg N/ha or grass in association with cowpea at 
60 kg N/ha. 

In 1990, Pennisetum pedicellatum varieties interacted 
significantly with nitrogen levels with the result that Bundel-2 
recorded maximum plant height (148.9 cm) at 90 kg N/ha. This in 
turn did not differ statistically from its own plant height at 60 
kg N/ha and the plant height of IGFRI-3808 receiving 30-90 kg 
N/ha. 

The significant nitrogen x variety x crop stand interaction 
(Table 7) showed that the highest plant height (193.5 cm) 
occurred with variety IGFRI-3808 in pure stand fertilized with 60 
kg N/ha, This combination was, however, at par with its 
intercropping by cowpea at seme level of nitrogen and with 
Bundel-2 Intercropped with clusterbean at 30 kg N/ha. 
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Table 7. Effect of crop stands X Pennisetum pedIceJ latum varieties X nitrogen 
levels on plant height (cm) of grass component in 1989 
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Nianber of functional leaves: The data on number of functional 
leaves per tiller (shoot) In case of Penn 1 set tm pedicel 1 at im and 
per plant In case of legumes have been presented In Table 8 and 
depicted In Fig. 5. 

It Is evident from the data that nimiber of functional leaves 
In grass per tiller (5.8) and per plant In legumes (28.4) were 
more In 1990 than In 1989. Pennisetum pedicel Jatum varieties 
showed significant variation In number of functional leaves in 
1989 only with the result that Bundel-2 and IGFRI-3808 were at 
par between themselves but significantly superior to Bundel-1. 
In 1990, Pennisetum pedicellatum varieties produced almost 
similar number of leaves per tiller and differences were not 

significant. Average number of leaves were more In Bundel-2 

♦ 

followed by IGFRI-3808 and Bundel-1. Number of functional leaves 
per plant In legumes was maximum In association with Bundel-1 In 
both the years and same was the case with respect to average data 
over the years. 

Pure stand of Pennisetum pedicellatum produced lesser number 
of leaves per tiller as compared to Its association with cowpea 
or clusterbean In both the years. In 1989, Pennisetim 
pedicellatum In association with cowpea had significantly more 
number of leaves than pure grass. But grass In association with 
cowpea or clusterbean did not differ significantly between 
themselves. However, In 1990, the differences In nwnber of grass 
leaves due to crop stands were not significant. 
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Table 8. Nuirtwr of functlcmal leaves per shoot/plant 


Treatments 


1989 


1990 

Mean 


Grass Legume 

Grass Legume 

Grass Les^Me 

Pennlsetun pedicel latm 
varieties 







IGFRI-S-43-1 (Bundel-1) 

4.9 

27.3 

5.8 

33.0 

5.4 

30.2 

IGFRI-S-4-2-1 (Bunclel-2) 

6.1 

26.5 

5.9 

23.1 

6.0 

24.8 

IGFRI-3808 

5.7 

22.0 

5.8 

29.1 

5.8 

28.1 

SEin+ 

0.30 


0.11 




CD at 5% 

0.9 


NS 




Crop stands 







Pennisetm pedicel latum 
pure 

5.0 


5.7 


5.1 


Pennisetm pedicel latm 
+ cowpea 

6.1 

26.8 

5.8 

39.5 

8.0 

33.2 

Pennisetm pedicel latm 
+ clusterbean 

5.5 

23.4 

6.0 

16.8 

5.8 

20.1 

SEin+ 

0.30 


0.11 




CO at 5X 

0.9 


NS 




Nitrogen levels (kg/ha) 







30 

5.4 

24.9 

5.7 

28.4 

5.6 

26.7 

60 

5.5 

25.3 

6.0 

29.3 

5.8 

27.3 

90 

5.7 

23.2 

5.8 

27.4 

5.8 

25.3 

SEmt 

0.30 


0.11 




CD at 6% 

NS 


NS 




General mean 

5.5 

26.1 

5.8 

28.4 




Number of functional leaves/shoot Number of functional leaves/shoot Number of functional leaves/shoot 




FIG 5: NUMBER OF FUNCTIONAL LEAVES 
PER SHOOT/PLANT 
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Increasing levels of nitrogen did not bring significant 
variation In number of leaves per tiller in grass, with the 
result that practically equal number of leaves were produced with 
30 to 90 kg N/ha. 

Leaf area index (LAI): The data on leaf area index have been 
presented In Table 9 and depicted in Fig. 6. The leaf area Index 
of the sward was 19.4 In 1990 against 8.3 In 1989. Grass 
varieties did not differ significantly In leaf areas index In 
1989 but significant variation was observed In 1990. In 1989, 
variety IGFRI-3808 produced highest LAI. In 1990, variety 
IGFRI-3808 produced significantly higher LAI over Bundel-2 which 
in turn did not differ significantly from Bundel-1. The data 
averaged over the years indicated higher LAI with IGFRI-3808 
followed by Bundel-2. 

Differential crop stands did not cause significant variation 
In leaf area index In 1989. Whereas, In 1990 grass grown pure 
or In association with clusterbean resulted In statistically 
similar LAI but significantly greater than sward consisting of 
grass + cowpea. Average data over the years showed highest LAI 
with grass + legumes followed by pure grass. 

Nitrogen nutrition did not show significant variation In 
leaf area Index In both the years. Hwever, highest leaf area 
Index was recorded at 60 kg N/ha In 1989 and at 90 kg N/ha in 
1990. The data averaged over the years also Indicated the 


highest leaf area Index at 60 kg N/ha 
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Table 9. Leaf area Index of 

grass -i- 

legume (Sward) 


Treatments 

1989 

1990 

Mean 

Pannlsetim pedicellatm 
varieties 




IGFRI-S-43-1 (Bundel-1) 

8.1 

16.8 

12.5 

IGFRI-S-4-2-1 (Bundel-2) 

8.1 

19.0 

13.6 

IGFRI-3808 

8.9 

22.4 

15.7 

SEm+ 

0.90 

0.84 


CD at 5X 

NS 

2.5 


Crop stands 




Pennisetum pedicellatm 
pure 

7.9 

21.1 

14.5 

Pennisetum pedicellatm 
+ cowpea 

8.2 

15.8 

12.0 

Pennisetum pedicellatm 
+ clusterbean 

8.9 

21.3 

15.1 

SEro+ 

0.90 

0.84 


CD at 5X 

NS 

2.5 


Nitrogen levels (kg/ha) 




30 

7.3 

19.3 

13.3 

60 

9.0 

19.4 

14.2 

90 

8.7 

19.5 

14.1 

SEn^ 

0.90 

0.84 


CD at 5X 

NS 

NS 


General mean 

8.3 

19.4 




FIG 6: LEAF AREA INDEX OF GRASS 
legume (SWARD) 


BUNDEL-1 


BUNOeL-2 
Grass varieties 
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Dry matter content (X): The perusal of the data on dry matter 
content (Table 10 and Fig. 7) showed that the average dry matter 
content of Pennisetum pedicellatum at harvest was 22.3 per cent 
In 1989 and 19.7 per cent In 1990. In both the years, grass 
varieties differed s-lgnlflcantly In dry matter content. In 1989, 
variety Bundel-2 and IGFRI-3808 accumulated significantly higher 
dry matter content as compared to Bundel-1. In 1990, also 
Bundel-2 accumulated significantly higher dry matter content 
(21.8 per cent) than IGFRI-3808 and Bundel-1 which did not show 
significant variation between themselves. On an average over 
the years, variety Bundel-2 showed highest dry matter content 
followed by IGFRI-3808 and Bundel-1. The dry matter content of 
legume component was also greater In 1989 (20.6 X) than In 1990 
(17.7 X). The association of legume with different grass 
varieties did not cause tangible variation in Its dry matter 
content In both the years. 

In 1989, Pennisetim pedicellatum grown with cowpea or 
clusterbean exhibited statistically similar dry matter content 
but greater than grass grown pure. In 1990, on the other hand, 
grass grown as pure stand gave relatively higher dry matter 
content than that In mixed stand. However, the differences were 
not significant. On an average, grass In association with cowpea 
or clusterbean gave 0.6 X unit more dry matter than the grass In 
pure stand. Clusterbean recorded greater dry matter content than 


cowpea In both the years. 


Table 10. Dry matter content (X) 


6 5 


T reatments 

1989 

1990 

Mean 


Grass Legume 

Grass Legume 

Grass Legimie 

Pennlsetum pedicel J atm 
varieties 







IGFRI-S-43-1 (Bundel-1) 

18.2 

20.8 

17.9 

17.5 

18.1 

19.2 

IGFRI-S-4-2-1 (Bundel-2) 

24.9 

20.1 

21.8 

17.9 

23.4 

19.0 

IGFRI-3808 

23.9 

20.7 

19.2 

17.7 

21.6 

19.2 

SEm+ 

0.39 


0.46 




CD at 5% 

1.1 


1.4 




Crop stands 







Pennlsetum pedlcelJatm 
pure 

21.3 


20.0 


20.7 


Pennisetm pedicellatum 
+ cowpea 

23.0 

20.1 

19.4 

14.6 

21.2 

17.4 

Pennlsetum pedicel Jatm 
+ clusterbean 

22.8 

20.9 

19.6 

20.9 

21.2 

20.9 

SEm+ 

0.39 


0.46 




CD at 5X 

1.1 


NS 




Nitrogen levels (kg/ha) 







30 

21.8 

19.8 

19.5 

18.1 

20.7 

19.0 

60 

22.5 

20.9 

19.9 

17.8 

♦ 

21.2 

19.4 

90 

22.7 

21.0 

19.6 

17.2 

21.2 

19.1 

SEia+ 

0.39 


0.46 




CD at 5X 

NS 


NS 





General mean 


22.3 20.5 19.7 17.7 
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Nitrogen levels did not Influence the dry matter content 
significantly In any of the years. However, there was marginal 
Increase In dry matter content with Increasing nitrogen levels up 
to 60 kg N/ha. Thereafter, It remained practically constant. In 
case of legumes, the dry matter content Increased In 1989 and 
decreased In 1990 with Increase In nitrogen doses. 

Leafistem ratio: The data on leafrstem ratio of grass component 
have been presented In Table 11 and depicted In Fig. 8. 
Pennisetum pedicellatum gave higher leafrstem ratio In 1990 
(0.54) than In 1989 (0.40). The leaf:stem ratio of different 
varieties of Pennisetum pedicellatum did not differ significantly 
In 1989, however, variety Bundel-2 gave higher leaf:st«n ratio 
than Bunde1-1 and IQFRI-3808 which resulted In similar leaf: stem 
ratio. In 1990, the leaf: stem ratio of variety IGFRI-3808 was 
significantly greater than Bundel-1 but at par with Bunde1-2. 
The latter two varieties were also at par between themselves. The 
data averaged over the years showed that variety IGFRI-3808 gave 
maximum leaf:stem ratio followed by Bundel-2 and Bundel-1. 

Pure stand of grass produced highest leaf:stem ratio 
followed by Pennisetum pedicellatum Intercropped with ccwpea and 
clusterbean In both the years. Leafrstem ratio of grass In pure 
stand as well as Intercropped either with cowpea or clusterbean 
did not record significant variation In 1989. Hcwever, In 1990, 
grass In pure startd and Intercropped with cowpea were at par 
between themselves but significantly superior to that 


$ 

I 

■ 

1 








Intercropped with clusterbean. On an average, the order of 
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Table tl. Leaf: stem ratio 


Treatments 1989 1990 Mean 


Grass Grass Grass 


Pennisetm pediceJ latum 

varieties 

IGFRI-S-43-1 (Bunde1-1) 
IGFRI-S-4-2-1 (Bunde1-2) 
IGFRI-3808 
SBn+ 

CD at 5X 

Crop stands 

Pennisetm pedicel latim 0.40 
pure 

Pennisetum pedicel latim 0.40 
+ cowpea 

Pennisetum pedicel latum 0.39 
+ clusterbean 


SEin+ 

0.02 

CD at 5X 

NS 

Mltrogen levels (kg/ba) 


30 

0.44 

60 

0.36 

90 

0.39 

SErot 

0.02 

CD at 5X 

0.07 


0.38 

0.51 

0.45 

0.43 

0.63 

0.48 

0.38 

0.59 

0.49 

0.02 

0.02 


NS 

0.06 



0.60 

0.50 

0.55 

0.48 

0.48 

0.44 

0.02 


0.06 


0.57 

0.51 

0.53 

0.45 

0.53 

0.46 

0.02 


NS 






General mean 


0.40 


0.64 





BUNDEL-1 


BUNOeL-2 f( 

Grass varieties 

GRASS 1968 1M3 GRASS 1990 


GRASS PURE QRASS+CXWPEA QRASS+aUSTERBEAN 

Crop Stands 


GRASS 1989 


Nitrogen lev^s (l<g/ha) 

GRASS 1969 ^QBASSl 
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leaf: Stem ratio was grass In pure stand > intercropped with 
cowpea > Intercropped with clusterbean. 

Nitrogen nutrition exercised significant variation In 
leafrstem ratio In 1989 only. The leafrstem ratio was highest at 
30 kg N/ha in both the years. Application of 60 and 90 N/ha 
showed similar leafrstem ratio. 

The Interaction, crop stands x nitrogen levels (Table 12) 
significantly Influenced the leafrstem ratio with the result that 
Pennisetum pedicel latum Intercropped with cowpea receiving 30 kg 
N/ha produced highest leafrstem ratio (0.52) followed by grass 
grown 1n pure stand fertilized with 90 kg N/ha (0.45). 

Relative leaf turgidity percentage: The data on percentage 
relative leaf turgidity or relative water content of grass and 
legume components have been presented In Table 13 and depicted In 
Fig. 9. 

The average relative leaf turgidity • of Pennisetum 

yp*'j I 

pedicel latum was j^.3 * In 1989 against 96.3 % In 1990. 
Similarly, the relative leaf turgidity of legume for 
corresponding years was 86.3 and 96.1 per cent. Grass did not 
show significant variation In relative leaf turgidity due to 
treatment variables In both the years. Variety Bundel-1 
exhibited maximum relative leaf turgidity followed by Bundel-2 
consistently. However, the relative leaf turgidity of legtanes 
was maximum when grown In association with IGFRI-3808 In both the 


years. Dinanath grass showed maximum relative water content when 


Table 12. Effect of crop stands X nitrogen levels on 1eaf:steii ratio 
of grass con^aonent 


Crop stands 


1989 



Nitrogen levels (kg/ha) 


30 

60 

90 

Pennisetum pedicel latim 
pure 

0.38 

0.38 

0.46 

Pennisetum pedicellatm 
+ cowpea 

0.52 

0.32 

0.37 

Pennisetum pedicel latum 
+ dusterbean 

0.42 

0.38 

0.36 

SEin+ 

0.04 



CO at 5X 

0.12 




rn 


Table 13. Relative leaf turgldlty (X) 


Treatments 

1989 

1990 

Mean 


Grass Legume 

Grass Legume 

Grass Legume 

Pennisetum pediceUatia 
varieties 







IGFRI-S-43-1 (Bundel-1) 

70.9 

86.1 

96.2 

95.8 

83.6 

91.0 

IGFRI-S-4-2-1 (Bundel-2) 

68.1 

83.9 

96.7 

95.6 

82.4 

89.7 

IGFRI-3808 

62.9 

88.7 

96.1 

96.8 

79.6 

92.8 

SEnH: 

3.17 


0.61 




CO at 5X 

NS 


NS 




Crop stands 







Pennisetum pedicel Jatum 
pure 

62.5 


95.6 


79.1 


Pennisetum pedicel Jatm 
+ cowpea 

70.1 

87.4 

96.1 

97.2 

83.1 

92.3 

Pennisetum pedicel lattai 
+ dusterbean 

69.4 

85.1 

97.3 

94.9 

83.4 

90.0 

SEBlt 

3.17 


0.51 




CD at 5X 

NS 


NS 




Nitrogen levels (kg/ha) 







30 

69.7 

86.7 

96.9 

96.2 

83.3 

91.5 

60 

65.2 

86.0 

95.4 

95.7 

80.3 

90.9 

90 

67,0 

86.1 

96.7 

96.5 

81.9 

91.3 

SEra+ 

3.17 


0.51 




CD at 6X 

NS 


NS 





General mean 


07.8 86.8 96.3 96.1 


FIG 9: REUTIVE LEAF TURGIDITY 
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intercropped with cowpea In 1989 and with clusterbean in 1990. 
On an average, ^ennisettiro ped/cenatwn exhibited similar relative 
water content intercropped either with cowpea or clusterbean but 
greater than pure stand of grass. Between legumes, cowpea 
recorded 2.3 per cent units more relative water content than 
clusterbean in both the years. 

Application of 30 kg N/ha showed highest relative leaf 
turgidity percentage in 1989. In 1990, the relative water content 
remained similar at 30 and 90 kg N/ha. However, the average data 
showed higher relative leaf turgidity with 30 kg N/ha. In case of 
legumes also, lower dose of 30 kg N/ha tended to give marginally 
higher relative water content than higher doses. 

Root biomass of Pennisetum pedicej latum The data on root biomass 
of grass component in terms of dry weight have been presented in 
Table 14 and depicted in Fig. 10. In 1989, the accumulation of 
root biomass in 0-15 cm was 3.6 and in 15-30 cm depth, 3 times 
more than that in 1990. Thus, up to 30 cm depth, the total root 
mass in 1989 was more than 3 times to that of 1990. None of the 
treatment variables Influenced the root bicwnass significantly in 
both the years. In 1989, variety IGFRl-3808 accumulated maximim 
root biomass followed by Bundel-2 in 0-15 cm depth. In 15-30 cm 
depth, however, Bundel-2 had an edge over IGFRI-3808. The 
accumulation of total root biomass in 0-30 on depth was maximum 
in IGFRI -3808 closely followed by Bundel-2. In 1990, Bundel-1 


accumulated maximum root biomass in 0-15 cm depth. Bundel-2 and 
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Table 14. Root blonass (dry wight g/937S of Pennisetm 
pediceJJatim In different layers 


T reatments 


1989 



1990 



0-16 

(c«) 

16-30 

(cm) 

0-30 

(cm) 

0-16 

(cm) 

16-30 

(cm) 

0-30 

(cm) 

Pennisetm pedicel latm 
varieties 







IGFRI-S-43-1 (Bunde1-1) 

26.5 

1.8 

28.3 

9.1 

0.8 

9.9 

IGFRI-S-4-2-1 (BundeT-2) 

30.5 

2.9 

33.4 

7.6 

0.8 

8.4 

IGFRI-3808 

31.9 

2.3 

34.2 

7.5 

0.7 

8.2 

SEm+ 

4.49 

0.33 

4.41 

1.29 

0.17 

1.28 

CO at 5% 

NS 

NS 

NS 

NS 

NS 

NS 

Crop stands 







Pennisetm pedi cell atm 
pure 

29.1 

3.0 

32.1 

10.1 

1.0 

11.1 

Pennisetm pedicel latm 
+ cowpea 

22.0 

2.0 

24.0 

7.9 

0.7 

8.6 

Penn Isetm pedlce 1 latm 
+ clusterbean 

37.8 

2.0 

39.8 

6.5 

0.6 

7.1 

SEfflt 

4.49 

0.33 

4.41 

1.29 

0.17 

1.28 

CD at 5X 

NS 

NS 

NS 

NS 

NS 

NS 

Nitrogen levels (kg/ha) 







30 

24.3 

2.2 

26.5 

8.5 

0.8 

9.3 

60 

32.4 

2.6 

35.0 

9.0 

0.7 

9.7 

90 

32.1 

2.2 

34.3 

6.9 

0.7 

7.6 

SBi^ 

4.49 

0.33 

4.41 

1.29 

0.17 

1.28 

CD at 5X 

NS 

NS 

NS 

NS 

NS 

NS 

General mean 

29.6 

2.2 

32.0 

8.1 


8.9 




FIG 10: ROOT BIOMASS OF Pemisetwn 
pedicellatm IN DIFFERENT SOIL LAYERS 
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IGFRI-3808 accumulated almost similar root biomass. In 16-30 an 
depth the accumulation of root blanass was practically the same 
In all the grass varieties. The total dry weight of roots In 0- 
30 cm depth did not differ significantly In both the years. In 
1989, total dry weight of roots was highest with variety IGFRI- 
3808 whereas In 1990, variety Bundel-1 produced maximum total dry 
root followed by Bundel-2 In both the years. 

In 1989, Pennisetum pedicel Jatum In association with 
clusterbean accumulated highest root mass In 0-15 cm whereas In 
15-30 cm depth the maximum biomass was observed In pure grass 
stand. In 1990, the pure stand of grass exhibited maximum root 

biomass accumulation followed by grass in association with 
cowpea. 

In so far as the total root dry weight up to 30 cm depth was 
concerned, grass In association with clusterbean accumulated 
maximum root biomass In 1989 whereas In 1990 It was maximum when 
grass was grown In pure stand. However, varying crop stands did 
not differ significantly In total dry weight of root biomass of 
grass component. 

Increasing levels of nitrogen up to 60 kg N/ha increased the 
root biomass In both the depths In 1989 and In 0-15 cm depth In 
1990. However, total root biomass accumulation In 0-30 cm depth 
Increased up to 60 kg N/ha and further Increase In nitrogen dose 
to 90 kg/ha did not reflect favourable effect. 


The Interaction, Pennisetm pedlceJIetm varieties x 

nitrogen levels (Table 16) showed significant effect on 
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Table 15. Effect of nitrogen levels X Pon^lsetum pedicel latum 
varieties on root biomass (g/9375 cm ) of grass components 
In 15-30 cm layer In 1990 


Nitrogen levels 


Varieties 


(kg/ha) 

IQFRI-S-43-1 

IQFRI-S-4-2-1 

XGFRI-3S08 

30 

1.3 

3.0 

2.3 

60 

2.0 

4.3 

1.5 

90 

2.0 

1.5 

3.0 

SErH- 

0.57 



CD at 5% 

1.9 
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accumulation of root biomass In 15-30 cm depth In 1990. Variety 
Bunde1-2 at 30 as well as 60 kg N/ha and IGFRI-3808 at 90 kg N/ha 
accumulated statistically similar root biomass but greater than 
other combinations. 

Nodulatlon In forage legumes: Table 16 and Fig. 11 present the 

data on number of root nodules from 25 cm x 25 cm x 30 cm soil 
3 

volume (18750 cm ). The average nodulatlon count (319.2) was 
higher In 1989 than In 1990 (303.5). Legume Intercropped with 
Bundel-1 recorded maximum nodulatlon count In both the years. 
Further, cowpea had 2.6 times more ntnnber of nodules In 1989 and 
3.6 times more number of nodules In 1990 as compared to 
cluster bean. 

Nitrogen nutrition up to 60 kg/ha Increased the nodulatlon. 
Further Increase In the level of nitrogen to 90 kg/ha, however, 
caused reduction In number of nodules. Nevertheless, the 
nodulatlon count at 90 kg N/ha remained higher than that at 30 kg 
N/ha. 

Forage Yield: 

The data on green forage and dry matter yields are presented 
In Table 17 and depicted In Fig. 12 and 13. 

Green forage yield; The average green forage yield was higher In 
1990 (455.2 q/ha) than In 1989 (334.8 q/ha). Pannisetm 
pedlceJJatum varieties did not differ significantly In total 


green forage yield (grass + legume) in both the years. In 1989, 
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Table 16. Nianber of nodules In legumes In 18760 c«^ 


Treatments 

1989 

1990 

Mean 

Pennlsetim pedicel latm 
varieties 




IGFRI-S-43-1 (Bundel-1) 

399.8 

365.2 

382.5 

IGFRI-S-4-2-1 (Bundel-2) 

268.5 

282.0 

275.3 

IGFRI-3808 

289.3 

263.3 

276.3 

Crop stands 




Pennisetum pedicel! atm 
pure 




Penn isetm pedice 7 latm 
+ cowpea 

460.2 

475.0 

467.6 

Penn isetm pedicel! atm 
+ clusterbean 

178.2 

131.9 

155.1 

Nitrogen levels (kg/ha) 

- 



30 

258.8 

262.1 

260.5 

60 

382.5 

335.6 

359.1 

90 

316.4 

312.8 

314.6 

General mean 

319.2 

303.5 
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Table 17. Total green forage and dry matter yield (q/ha) 


Treatments Qreen forage yield Dry matter yield 



1989 

1990 

Pooled 

1989 

1990 

ftwled 

Pennisetum pedicellatum 
varieties 







IGFRI-S-43-1 (Bundel-1) 

347.5 

463.6 

405.6 

67.2 

82.8 

75.0 

IGFRI-S-4-2-1 (Bunde1-2) 

328.8 

464.1 

396.5 

77.7 

97.5 

87.6 

IGFRI-3808 

328.0 

437.8 

382.9 

75.1 

81.9 

78.5 

SEnHi 

11.80 

10.75 

9.13 

2.49 

3.04 

2.09 

CD at 5X 

NS 

NS 

NS 

7.3 

8.9 

5.9 

Crop stands 







Penn isetum pedlce 1 latum 
pure 

371.7 

523.0 

447.4 

81.0 

105.0 

93.0 

Pennisetum pedicel! atm 
+ cowpea 

302.7 

418.6 

360.7 

65.2 

72.8 

69.0 

Pennisetm pedicel 1 atm 

4- clusterbean 

329.9 

424.0 

377.0 

73.8 

84.5 

79.2 

SEn^ 

11.80 

10.75 

9.13 

2.49 

3.04 

2.09 

CD at 5X 

34.6 

31.5 

25.9 

7.3 

8.9 

5.9 

Nitrogen levels (kg/ha) 







30 

31S.S 

391.5 

353.5 

66.6 

75.2 

70.9 

60 

334.8 

467.3 

401.1 

75.6 

90.2 

82.9 

90 

354.1 

506.9 

430.1 

77.8 

97.0 

87.4 

SEmt 

11.80 

10.75 

9,13 

2.49 

3.04 

2.09 

CD at 6X 

34.6 

3ti5 

25.9 

7.3 

8.9 

5.9 


General mean 


334.8 45S.2 


73.3 87.4 





FIG 13: TOTAL DRY MATTER YIELD (q/ha) 
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however, variety Bunde 1-1 produced higher yield than Bundel-2 and 
IGFRI-3808 which gave similar yield levels. In 1990, variety 
Bundel-2 and Bundel-1 produced practically similar green forage 
yield but greater than IQFRI-3808. On the basis of pooled 
analysis, the varieties did not differ significantly 1n green 
forage yield. However, variety Bundel-1 produced highest green 
forage yield of 406.6 q/ha followed by Bundel-2 (396.5 q/ha). 

Pennisetum pedlcelJatum in pure stand produced significantly 
higher green forage yield as compared to Its Intercropping with 
clusterbean or cowpea. Among Intercropping systems, grass + 
clusterbean proved consistently superior over grass + cowpea. 
The pooled analysis also indicated similar trend. 

Nitrogen nutrition at 90 kg N/ha significantly Increased the 
green forage production as compared to 30 Kg N/ha In 1989 and as 
compared to 30 and 60 kg N/ha In 1990. The difference between 60 
and 90 Kg N/ha was at par In 1989 but significantly different In 
1990. Similarly, the green forage yields with 30 and 60 kg N/ha 
were at par In 1989 but significantly different In 1990. In 1990, 
significant linear increase In green forage yield was observed 
with Increase In nitrogen from 30 to 90 kg N/ha. Significantly 
higher green forage yields were recorded due to Increasing levels 
of nitrogen from 30 to 90 kg/ha on the basis of pooled analysis. 
Dry matter yield: The data on dry matter yield are presented in 
Table 17 auid shown in Fig. 13. The data revealed that the average 
dry matter yield was higher In 1990 (87.4 q/ha) than In 1989 
(73.3 q/ha). There was significant variation In dry matter 
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yields of Pennisetum pedlceJJatm varieties In both the years. In 
1989, variety Bundel~2 produced significantly higher dry matter 
yield over Bundel-1 but was at par with IGFRI--3808. In 1990 also 
variety Bundel-2 gave significant lead over Bundel-1 which In 
turn did not differ statistically from IGFRI-3808. On the basis 
of pooled analysts also, variety Bundel-2 (87.6 q/ha) 
significantly outylelded IQFRI-3808 (78.5 q/ha) and Bundel-1 
(75.0 q/ha) In dry matter production which Is at par between 
themselves. 

Differential crop stands varied significantly In terras of 
dry matter yield In both the years. However, In 1989, pure grass 
stand gave significantly higher dry matter yield as ccmpared to 
Its Intercropping with cowpea but was at par with grass + 
clusterbean Intercropping. In 1990, pure stand of grass resulted 
In significantly higher dry matter yield than both the 
Intercropping systems which also differed significantly from each 
other. Association of grass with clusterbean accimiulated greater 
dry matter than Its association with cowpea In both the years. 
Pooled analysis also indicated similar trend. 

Increasing levels of nitrogen fran 30 to 90 kg N/ha . 
progressively increased the dry matter production In both the 
years. Application of 60 and 90 kg N/ha produced statistically 
similar dry matter yields but both these levels yield®! 
significantly higher dry matter than 30 kg N/ha In both tfm 
years. Similar was the trend with respect to pooled analysis of 


the data. 
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Forage productivity per day: The data on green and dry matter 
productivity (q/ha/day) are presented In Table 18 and shown In 
Fig. 14 and 15. The average green forage productivity was 4.2 
q/ha/day In 1989 against 5.4 q/ha/day In 1990. The 
corresponding levels of productivity In terms of dry matter were 
0.9 and 1.0 q/ha/day. 

Pennisetum pedicel latum varieties did not differ 
significantly in green forage productivity but recorded 
significant variation In dry matter productivity In both the 
years. Variety Bundel-1 gave maximum green forage productivity of 
4.3 q/ha/day followed by Bundel-2 and IGFRI-3808 In 1989. But 
In 1990 , Bundel-2 and Bundel-1 showed maximian productivity of 
5.5 q/ha/day followed by IGFRI-3808. The data averaged over the 
years also Indicated that the productivity was In the order of 
Bundel-1 > Bundel-2 >IGFRI-3808. Variety Bundel-2 showed 
significantly greater dry matter productivity over Bundel-1 In 
1989 but was at par with IGFRI-3808. In 1990, Bundel-2 
registered significantly highest dry matter productivity over 
Bundel-1 and IGFRI-3808 which showed nimwrlcally similar dry 
matter productivity. The data averaged over the years also 
Indicated that variety Bundel-2 Is better than Bundel-I and 
IGFRI-3808 In dry matter productivity. 

Pure stand of Pennisetum pedicel latum exhibited 
Significantly higher green forage productivity than Its 
Intercropping with cowpea and clusterbean In both the years. The 
values of green forage productivity of two Intercropping systems 


Table 18. Green forage and dry matter productivity (q/ha/day) 


8 1 . 


T reatments 


Green forage 


Dry matter 


1989 

1990 

mm 

1989 

1990 

man 

Pennisetum pedicel Jatm 
varieties 







IGFRI-S-43-1 (Bundel-1) 

4.3 

5.5 

4.9 

0.8 

1.0 

0.9 

IGFRI-S-4-2-1 (Bunde1-2) 

4.1 

6.5 

4.8 

1.0 

1.2 

1.1 

IGFRI-3808 

4.1 

5.2 

4.7 

0.9 

1.0 

0.9 

SEm+ 

0.15 

0.12 


0.03 

0.04 


CD at 5* 

NS 

NS 


0.1 

0.1 


Crop stands 







Pennisetum pedicel Jatum 
pure 

4.7 

6.2 

5.5 

1.0 

1.3 

1.2 

Pennisetum pedicel Jatum 
+ cowpea 

3.8 

5.0 

4.4 

0.8 

0.9 

0.9 

Pennisetum pedicel Jatum 
+ clusterbean 

4.1 

5.0 

4.6 

0.9 

1.0 

1.0 

SEin+ 

0.16 

0.12 


0.03 

0.04 


CD at 5% 

0.4 

0.4 


0.1 

0,1 


Nitrogen levels (kg/ha) 







30 

3.9 

4.7 

4.3 

0.8 

0.9 

0.9 

60 

4.2 

5.6 

4.9 

0.9 

1.1 

1.0 

90 

4.4 

6.0 

5.2 

1,0 

1.2 

1.1 

SEm+ 

0.15 

0.12 


0.03 

0.04 


CD at 5% 

0.4 

0.4 


0.1 

0.1 



.4 


0.9 


General mean 


2 


5 


1.0 




Green forage productivity (q/ha/day) Green forage productivity (q/ha/day) Green forage productivity (q/ha/day) 




BUNDEL-1 


BUNOEL-2 

Grass varieties 


131980 


GRASS<COWPEA ®1ASS+aU8TERBEAN 

Crop stands 


1989 EPi990 


80 

Nitrogen levels (kg/ba) 
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were at par In both the years. m terms of dry matter 
productivity, pure Pennisetum pedlceJIatim was significantly 
superior to Its Intercropping with cowpea but was at par with Its 
Intercropping with clusterbean In 1989. in 1990, Pennisetum 
pedicenatum pure recorded significantly higher productivity than 
Its Intercropping either with cowpea or clusterbean and both the 
Intercropping systems were at par between themselves. On an 
average, the sward productivity could be rated as pure grass > 
grass +clusterbean > grass + cowpea. 

Nitrogen nutrition significantly Influenced the green and 
dry matter productivity per day In both the years. The green and 
dry matter productivity Increased linearly with Increasing levels 
of nitrogen from 30 to 90 kg N/ha. The application of 90 kg 
N/ha resulted In significantly higher productivity than 30 kg 
N/ha In both the years. However, the differences between 60 and 
30 as well as between 90 and 60 kg N/ha were not discernible. 
Moreover, the average green and dry matter productivity Increased 
progressively with Increasing levels of nitrogen up to 90 kg/ha. 

The Interaction, crop stands x Pennlsetm pedlceflatm 
varieties showed significant variation In dry matter productivity 
In 1989 (Table 19). The maximum per day dry matter productivity 
of Bunde 1-2 pure (1.2 q/ha/day) was at par with Bundel-2 
'Intercropped with clusterbean but slgnlflcimtly superior to 
remaining Interactions. It was conspicuously noticed that 
productivity of Bundel-1 was consistent under different sward 


conditions whereas, the productivity of Bunctel-2 


and 


IGFRI-3808 


Table 19. Effect of crop stands X PennIsBtum pedlcellatim varieties 
on dry matter productivity (q/ha/day) In 1989 


Crop stands 


Varieties 



IGFRI-S-43-1 

IQRI-S-4-2~1 

IQFRI-3808 

Pennisetum pedlcellatm 
pure 

0.8 

1.2 

1.0 

Pannlsetum pedlcellatm 
+ cowpea 

0.8 

0.8 

0.8 

Pennisetum pedlcellatm 
+ clusterbean 

0.8 

1.0 

1.0 

SEin+ 

0.03 



CD at 5% 

0.2 
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was comparatively lower when Intercropped with cowpea. 

Crude protein content (%): The data on crude protein content (*) 
are given In table 20 and shown In Fig. 16. in general, the 
crude protein content both In grass and legume remained higher In 
1990 than In 1989. Ponnlsetum pedicel latum w&rietiBs differed 
significantly In crude protein content with the result that 
variety Bundel-1 registered significantly highest crude protein 
per cent as compared to Bunde 1-2 and IGFRI-3808 which In turn 
were at par between themselves In both the years. Legia»e 
Intercropped with Bundel-1 contained maximum crude protein 
followed by In association with IGFRI-3808 In both the years. 

The different crop stands did not alter the crude protein 
content of grass significantly In 1989. However, Pennisetum 
pedicel latum Intercropped with cowpea exhibited roaxlmun crude 
protein content. In 1990, Pennisetum pedicellatum Intercropped 
with cowpea or clusterbean resulted In significantly higher crude 
protein content than grass In pure stand. Grass In both the 
Intercropping systems had numerically same crude protein content. 
The data averaged over the years reflected greater crude protein 
content In grass when Intercropped with cowpea. Between legun^s, 
cowpea contained more crude protein than clusterbean In both the 
years with average value of 18.1 and 14.6 per cent, respectively. 

Increasing levels of nitrogen significantly Influenced the 
crude protein content of grass component In 1990 but not In 1989. 
However, the Increase In crude protein content of grass was 
observed up to 60 kg N/ha In 1989 and up to 90 kg N/ha In 1990. 
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Table 20. Crude protein content (X) 


Treatments 


1989 


1990 


Mean 


Grass Legume 

Grass Legimte 

Grass Legume 

Penn Isetum pedice 7 latum 
varieties 







IGFRI-S-43-1 (Bundel-1) 

7.4 

16.6 

7.6 

17.6 

.7.5 

17.1 

IGFRI-S-4-2-1 (Bundel-2) 

6.2 

14.8 

6.6 

16.1 

6.4 

15.5 

IGFRI-3808 

6.0 

16.1 

7.0 

16.7 

6.5 

16.4 

SEm± 

0.29 


0.18 




CD at 5% 

0.8 


0.5 




Crop stands 







Penn Isetum pedice 1 latum 
pure 

6.1 


6.5 


6.3 


Penn isetum pedice 1 latum 
+ cowpea 

7.0 

17.6 

7.3 

18.6 

7.2 

18.1 

Penn isetum pedicellatum 
+ clusterbean 

6.5 

14.1 

7.3 

15.0 

6.9 

14.6 

SEm+ 

0.29 


0.18 




CD at 5% 

NS 


0.5 




Nitrogen levels (kg/ha) 







30 

6.1 

16.4 

6.0 

15.9 

6.6 

16.2 

60 

6.8 

15.4 

7.2 

17.1 

7.0 

16.3 

90 

6.7 

15.8 

7.9 

17.4 

7.8 

16.6 

SEm± 

0.29 


0.18 




CD at 5X 

NS 


0.5 

^ ^ A; 




General mean ^ ^ ^ ^ ^ ^ ^ ®*5 ‘*5.9 ^®*® 
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Nitrogen nutrition showed favourable effect on crude protein 


content of legumes in 1990 only. Averaged values over the years 


indicated linear increase in crude protein content due to 


increasing levels of nitrogen both in grass and legisnes 


Interaction between grass varieties x nitrogen levels (Table 


21) showed significant effect on crude protein content of grass 


in 1990. Variety IGFRI-3808 receiving 90 kg N/ha gave maximum 


crude protein content of 8.3 % followed by Bundel-1 at 60 kg N/ha 


(8.2 %) which were at par between themselves 


Crude protein yield: The data on total crude protein yield under 


different treatments are presented in Table 22 and depicted in 


Fig. 17. The outturn of crude protein was 789.6 kg/ha in 1990 


and 611.4 kg/ha in 1989. Pennisetum pedlcellatm varieties 


differed significantly in crude protein yield in 1989 and variety 
Bunde1-1 resulted in significantly higher protein yield as 
compared to IGFRI-3808 which in turn did not differ statistically 
from Bundel-2. In 1990, though the differences in crude protein 
yield were not significant but Bundel-1 produced maximum crude 
protein yield followed by Bundel-2. On the basis of average data 
over the years, Bundel-1 had an edge over other varieties in 


crude protein production. 

Varying crop stands showed significant variation in cructe 
protein yields with the result that Pennisetum pedicel latim 
intercropped with cowpea or clusterbean gave significantly higher 
crude protein yield per unit area over Its pure stand but were 


Table 21. Effect of nitrogen levels X Pmmlaatua p^Kilcellatm 
varieties on crude protein content (X) of grass coeponent 
In 1990 


Nitrogen levels 

(Kg/ha) 


Varieties 


IQFRI-S-43-1 

IGFRI-S-4-2-1 

1QFRZ~3808 

30 

6.5 

5.7 

6.0 

60 

8.2 

6.9 

6.5 

90 

8.0 

7.3 

8.3 
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Table 22. Crude protein yield (kg/ha) In grass + legune nixed herbage 


Treatments 

1989 

1990 

Mean 

Pennisetm pedicel latim 
varieties 




IGFRI-S-43-1 (Bundel-1) 

673.0 

832.0 

752.5 

IGFRI-S-4-2-1 (Bundel-2) 

593.8 

799.0 

696.4 

IGFRI-3808 

567.4 

737.9 

652.7 

SBiHi 

32.0 

31.04 


CD at 5X 

93.9 

NS 


Crop stands 




Pennisetm pedicel latum 
pure 

471.2 

684. 1 

577.7 

Pennisetm pedlcellatum 
+ cowpea 

721.0 

826.1 

774.0 

Penn Isetm pedicel latm 
+ clusterbean 

641.0 

858.7 

749.9 

SEm± 

32.0 

31.04 


CD at 5% 

93.9 

91.1 


Nitrogen levels (kg/ha) 




30 

557.7 

612.2 

585.0 

60 

631.6 

621.6 

726.6 

90 

644.8 

935.1 

790.0 

SBiHi 

32.0 

31,04 


CD at 5X 

MS 

91.1 




General mean 


611.4 


789.6 


Id (kg/ha) 
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at par between themselves 1n both the years. In 1989, grass + 
cowpea produced highest crude protein yield whereas, In 1990, 
grass + clusterbean produced highest crude protein yield. The 
data averaged over the years Indicated that the crude protein 
production was In the order of grass+cowpea > grass + clusterbean 
> grass pure. 

Nitrogen fertilization Influenced the crude protein 
production significantly In 1990 but not In 1989. In 1989, 
however, crude protein Increased with an Increase In nitrogen 
level up to 90 kg N/ha. In 1990, each successive dose of 
nitrogen caused significant Increase In crude protein yield. The 
average data for two years Indicated that an Increase in nitrogen 
from 30 to 60 kg/ha Increased the crude protein yield by 141.6 
kg/ha whereas Increase In nitrogen from 60 to 90 kg/ha gave an 
additional crude protein yield of only 63.4 kg/ha. 

In 1989, the Interaction between grass varieties x crop 
stands was significant with the result that variety Bundel-1 
Intercropped with cowpea produced significantly highest crude 
protein (887.6 kg/ha) as craapared to r^alnlng combinations 
(Table 23). The other treatment combinations In order were 
Bundel— 1 + clusterbean and Bundel“2 + cowpea. Furtlwr, It ccnild 
be noted that Intercropping systems with all the grass 
varieties resulted In greater outturn of crude protein as 


compared to their sole stand. 
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Table 23. Effect of crop stands X Pennls^tuu pedicel latm varieties 
on crude protein yield (kg/ha) In 1989 


Crop stands 


Varieties 



IQFRI-8-43-1 

ICJFRI-8-4-2-1 

IQFRI-3808 

Pennisetum pedicel latum 
pure 

434.4 

502.1 

477.1 

Pennisetum pedicel latum 
+ cowpea 

887.6 

681.3 

596.9 

Pennisetum pedicel latimi 
+ clusterbean 

696.9 

598.0 

628.2 

SEnH* 

55.44 




CD at 5% 


162.6 



Water soluble carbohydrates (WSC): The data In Table 24 and Fig 


18 Indicated that WSC content of Pennisetum pedicel Jatim In 1989 


was higher (4.8 %) as compared to that In 1990 (3.5 X) 


Similarly WSC content of legume component In 1989 was more than 


The treatment variables exercised significant effect on WSC 


content of grass In both the years except nitrogen levels In 


In 1989, varieties IGFRI-3808 and Bundel-2 showed 


statistically similar WSC content but significantly greater than 


Bundel-1. In 1990, Bundel -1 and IGFRI-3808 were at par between 


themselves but significantly superior to Bundel-2 In this regard 


Legume In association with IGFRI -3808 produced maximum WSC 


content In both the years. On an average, the WSC content of 


legume 1n association with IGFRI-3808 was 3.6 * against 3.1 X In 


association with both Bundel-1 and Bundel-2 


Pennisetum pedicel! atum Intercropped with cowpea 


significantly higher WSC content than pure grass or 


Intercropping with clusterbean In both the years 


averaged over the years also gave similar pattern with respect to 


crop stands. 

Cowpea Intercropped with Pennlsetim pedlcellatiM Indicated 
higher WSC content than intercropped clusterbean In 1989, irfwreas 
in 1990, the trend was reversed and was also maintained for 


average data. 

In 1989, the increasing levels of nitrogen Increased the 
content of WSC In grass but the differences were statistically 
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Table 24. Water soluble carbohydrates content (X> 


Treatments 1989 1990 Itean 




Grass Legume 

Grass Lepne 

Grass Lepaw 

PennIsBtum pedicel Jatm 
varieties 






IGFRI-S-43-1 

(Bunde1-1) 

4.4 

4.2 

3.9 

2.0 

4.2 3.1 

IGFRI-S-4-2-1 

(Bunde1~2) 

5.0 

4.2 

2-8 

1.9 

3.9 3.1 

IGFRI-3808 


5.1 

4.9 

3.7 

2.2 

4.4 3.6 


SEmt 0.13 0.10 

CD at 6X 0.38 0.29 

Crop stands 


Pennlsetum pedice J latum 
pure 

4.7 


3.2 


4.0 


Pennisetim pedicel latim 

5.3 

4.9 

3.8 

1.6 

4.6 

3.3 

■t- cowpea 






# 

Pennlsetum pedicel latum 

4.5 

4.2 

3.4 

2.6 

4.0 

3.4 

■f clusterbean 







SEmt 

0.13 


0.10 




CD at 5X 

0.38 


0.29 




Nitrogen levels (kg/ha) 







30 

4.7 

4.8 

3.6 

2.2 

4.1 

3.5 


4.7 

4-6 

3.S 

2.2 

4.0 

3.4 

: 90 ^ ^ : 

5.1 

4.2 

3.7 

1.8 

4.4 

3.0 

SEra+ 

0.13 


0.10 




CO at 5X 

NS 


0.29 





soluble carbohydrate (%) Water soluble carbohydrati 



FIG 18 ; WATER SOLUBLE CARBOHYDRATE 
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not significant. In 1990, application of 90 kg N/ha produced 
significantly higher WSC content than 60 kg N/ha. Tfw 
differences between 30 and 60 kg N/ha as well as between 30 and 
90 kg N/ha were not significant. On an average, however, the 
highest WSC content was recorded with 90 kg N/ha. In legumes, 
water soluble carbohydrates content declined with an increase ir 


N levels in both the years. 

The interaction between varieties and nitrogen levels for 
WSC was significant in both the years (Table 25.). In 1989, WSC 
content of IGFRI-3808 was maximum (5.4 %) at 60 kg N/ha but did 
not differ significantly from Its content at 30 and 90 kg N/ha 
and that of Bunde1-1 at 90 kg N/ha and Bunde1-2 at all the N 
levels. However, IGFRI-3S08 had significantly higher WSC content 
than Bunde1-1 at 30 and 60 kg N/ha. In 1990, IQFRI 3808 a 
ko N/ha gave maximum WSC content followed by Bundel-1 at the same 


level of nitrogen nutrition. 

Interaction of crop stands x levels of nitrogen (Table 
recorded significant variation In WSO content In wnlsatum 
pedicenatum In 1990 with the result that grass Intercropped with 

cowpea receiving 30 kg N/ha Showed maxima WSC content (4.1 « 

which was significantly greater than the remaining Interactions 
except Pennisetm p^dicsV.tm Intero^pped with cowpea receiving 


oxalato content expressed 


Oxalate content 


tabulated in Table 


cent at harvest in 


Table 26. Effect of nitrogen levels X Pannisstm p.d1CBl1atm, varieties and nitrogen levels X crop st«Kis on 
water soluble carbohydrates content <*) of grass conponent 
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26 and shown 1n Fig. 19 


The grass exhibited lower oxalate 


content In 


The varieties 


crop stands and nitrogen levels caused significant variation In 


oxalate content In 1989 but not In 1990. In 1989, the oxalate 


content of Bundel-2 was at par with IGFRI-3808 but significantly 


lower than Bundel-1. In 1990 also, Bundel-2 contained lower 


oxalate content than other varieties. The average oxalate 


content worked out to be minimum (2.8 X) In Bundel-2 and maxlmimi 


In Bundel-1 (3.3 *) 


In 1989, Pennisetum pedIceJ latum Intercropped with cowpea 


showed significantly less oxalate content (2.6 X) than pure grass 


or Its Intercropping with clusterbean (2.9 X). In 1990 


however, pure stand of grass contained lowest oxalate content 


On an average, the differences In oxalate content for crop 


stands were not tangible 


In 1989, application of 90 kg K/ha exhibited significantly 


lowest oxalate content in Pennlsetim pedlcellatm than 60 kg 


N/ha but both these levels In turn were at par with 30 kg N/ha 


In 1990, oxalate content decreased with Increasing levels of 


nitrogen up to 60 kg N/ha and ranalned constant thereafter 


However, average oxalate content over the years gradually 


decreased with Increasing levels of nltro^n from 30 to 90 kg/ha 


Pennisetum pedicel Jattui varieties Interacted significantly 


with nitrogen levels In modifying the oxalate content (Table 27) 
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Table 26. Total oxalate omtent (X) tn Pmmisetm ped1<»t1atm 


Treatments 

1989 

1990 

Mean 

PennlsBttm pedIceJ latum 
varieties 




IGFRI-S-43-1 (Bundel-I) 

3.0 

3.5 

3.3 

IGFRI-S-4-2-1 (Bundel-2) 

2.6 

2.9 

2.8 

IQFRI-3808 

2.7 

3.3 

3.0 

SEmt 

0.08 

0.20 


CD at 5X 

0.2 

NS 


Crop stands 




Pennisetum pedicel latum 
pure 

2.9 

3.0 

3.0 

Pennisetum pedicel lattm 
+ cowpea 

2.6 

3.3 

3.0 

Penn 1 set iM pedicel latm 
+ clusterbean 

2.9 

3.3 

3.1 

SEm+ 

0.08 

0.20 


CD at 5X 

0.23 

NS 


Nltroi^n levels (k^^) 




30 

2.8 

3.5 

3.2 

60 

2.9 

3.1 

3.0 

90 

2.6 

3.1 

2.9 


0.08 

0.20 


CD at 6X 

0.23 




General mean 


2.8 


3.2 



BUNDEL-2 

Grass varieties 


BUNOEL-1 


GRASS 1889 ESS GRASS 1880 








; ,U "itl ' 


■<. .*•' 
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with the result that variety IGFRI-3808 fertilized with 90 kg 


N/ha showed lowest oxalate content as compared to r®!ta1n1ng 


varieties x nitrogen levels Interactions 


Neutral detergent fibre (NDF): The data on neutral detergent 


fibre content (Table 28 and F1g. 20) Indicated that the mean NDF 


content of Pennisetum pedicel latum was practically similar for 


both the years. However, In legumes it was higher In 1990 (52.3 


X) than In 1989 (49.3 %). None of the treatment variables 


Influenced the neutral detergent fibre content* significantly 1n 


both the years. However, minimum neutral detergent fibre was 


observed In Bundel-1 and maximum In Bundel-2 


The neutral detergent fibre content of legtmes did not 


undergo appreciable change due to Its association with different 


grass varieties as the values ranged from 48,6 to 49.4 X In 1989 


and from 52.9 to 53.5 X In 1990. Legum associated with Bundel-2 


exhibited minimum content of neutral detergent fibre 


Pennlsetim pedicel Jatum intercropped with clusterbean 


Indicated lowest values of neutral detergent fibre both In grass 


and legume In both the years. The neutral detergent fibre 


content remained consistently high when grass was grown without 


legume 


The Increasing doses of nitrogen gradually decreased the NDF 


content of Pennisetum pedlcellatum in i969. In 1990, al^ the 


In case of leginne, the NDF 


minimum NDF occurred with 90 kg N/ha 
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Table 28. Neutral detergent fibre (NDF) contwit (*) 


Treatments 1989 1990 Hem 


Grass LejpMs Grass LeiMM Grass Legume 


Pennisetim pedlcellatun 
varieties 


IGFRI-S-43-1 (Bundel-1) 

67.0 

49.3 

66.6 

53.5 

66.8 

51.4 

IGFRI-S-4-2-1 (Bundel-2) 

69.6 

48.6 

70.4 

52.9 

70.0 

50.8 

IGFRI-3808 

69.0 

49.4 

67.3 

53.2 

68.2 

51.3 

SEm± 

1.09 


1.16 




CD at 5X 

NS 


NS 




Crop stands 







Pennisetum pedlcellatum 
pure 

68.9 


69.4 


69.2 


Pennisetim pedicel Jatim 
+ cowpea 

68.6 

50.2 

67.6 

54.3 

68.1 

52.3 

Pennisetim pedicel Jatim 
+ cTusterbean 

68.2 

48.0 

67.3 

62.1 

67.8 

50,1 

SEni+ 

1.09 


1.16 




CD at 5X 

NS 


NS 




Nitrogen levels (kg/ha) 







30 

69.6 

47.6 

67.9 

62.1 

68.7 

49.9 

60 * 

68.4 

61.3 

69.4 

62.2 

68.9 

51.8 

90 

67.8 

49.7 

66.9 

55.3 

87.4 

52.5 

: S&lt, 

1.09 


1.16 




CD at 6X 

NS 


NS 





General mean 


68.6 49.3 68.1 63.2 


Neutral detergent fibre {%) Neutral detergent fibre (S) 



WAS8PURE 

6HAS8+00WPEA QRAS3*CLU3TER8eAN 

Crop stands 

■ GRASS MQ 

S53 LEGUInK 1888 

tl3 GRASS tSOO 

M LEGUME 1880 


BUNDEL-1 

BUNDEL-2 IQFRI-Q808 

Grass varieties 

■1 GRASS 1888 

E53 LEGUME 1888 

EB GRASS 1880 

Mi LEQUhE 1880 


■ GRASS 1889 
GRASS 1680 


E5! LEGUME 1888 
WSi LEGUME 1860 
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content Increased up to 60 kg N/ha In t989 and up to 90 kg N/ha 


Acid detergent fibre (AOF): The data on acid detergent fibre 


content (Table 29 and Fig. 21.) revealed that average acid 


detergent fibre content of Pennisetm pedlcenatum ms 47.2 % 1n 


1989 and 48.8 % In 1990. The corresponding values for legumes 


were 39.3 and 42.7 per cent. In 1989, grass varieties did not 


show significant differences In acid detergent fibre. However 


minimum ADF content was observed In Bundel-1 and maximum In 


IGFRI-3808. In 1990, varieties Bundel-1 and IGFRI-3808 contained 


statistically similar ADF content but significantly lower than 


Bundel-2. On an average, the varieties contained ADF in order 


of Bundel-1 < IGFRI-3808 < Bunde1-2. Legume exhibited minimum 


ADF content In association with grass variety IGFRI-3808 In 1989 


and with Bundel-1 in 1990 whereas the maximum content was found 


In association with Bundel-2 In both the years. Averaged over 


the years, the minlmiMB ADF content In legim» was observed when 


grown with variety IGFRI-3808 


Acid detergent fibre did not show significant variation due 


to differential crop stands In both the years. However, lowest 


ADF content In Pennisetm pedlcelJatm occurred wlwn It was 


Intercropped with cowpea In 1989 and with clusterbean In 1990 


There was no perceptible difference In ADF content of two forage 


legumes In 1989 whereas. In 1990 clusterbean contained lower ADF 


Similar trend was maintained with respect to 


cowpea 


average values over the years 
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Table 29. Acid detergent fibre (ADF) contmt (X) 


Treatments 

1989 

1990 

Mean 


Grass Legume 

Grass Lei^mn 

Grass Legume 

Pennisettm pedicel latum 
varieties 







IGFRI-S-43-1 (Bundel-1) 

46. r 

39.4 

46.9 

41.8 

46.3 

40.5 

IGFRI-S-4-2-1 (Bunde1-2) 

47.6 

40.3 

50.9 

43.7 

49.2 

42.0 

IGFRI-3808 

48.2 

38.1 

48.6 

42.7 

48.4 

40.4 

SEWht 

0.82 


0.62 




CD at 5X 

NS 


2.03 




Crop stands 







Pennisetum pedicel latum 
pure 

47.6 


49.2 


48.4 


Pennisetum pedIceTlatm 
+ cowpea 

46.7 

39.2 

49.4 

43.3 

48.1 

41.3 

Pennisetum pedicel latum 
+ clusterbean 

47.2 

39.4 

47.8 

42.0 

47.6 

40.7 

SEm+ 

0.82 


0.62 




CD at SX 

NS 


NS 




Nitrogen levels (kg/ha) 







30 

47.6 

38.3 

48.4 

41.9 

48.0 

40.1 

60 

46.7 

40.8 

49.2 

43.1 

48.0 

42.0 

90 

47.2 

38.7 

48.8 

43.0 

48.0 

40.9 

SEBtt. 

0.82 


0.62 




CD at 5X 

NS 


NS 




General mean 

47,2 

39.3 

48.8 

42.7 




detergent fibre {%) Acid detergent fibre [%) Acid detergent fibre {%) 
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Varying nitrogen levels did not bring out significant 
variation in acid detergent fibre content In both the years. 


Minimum ADF content was however, observed with 60 kg N/ha In 


1989 and with 30 kg N/ha In 1990. Averaged over two years, the 
different nitrogen levels gave numerically same ADF values. In 


case of legumes, application of 30 kg N/ha gave minimum ADF 


content In both the years 


Hemicel lulose: The mean hemicellulose content In Pennisstim 


pedicellatum was higher In 1989 than In 1990 (Table 30 and Fig 


22) but Its content In legumes remained practically the same over 


the years. The hemicellulose content of Pennisetum pediceJlatim 


varieties showed no significant variation, however, variety 


IGFRI-3808 exhibited lowest hemicellulose content In both the 


years. On the other hand, Bundel-2 recorded Its highest content 


In 1989 and Bundel-1 In 1990. On an average, Bundel-1 and 


Bundel-2 had almost similar hemicellulose content but more than 


IGFRI-3808. The legiane Intercropped with Bundel-2 exhibited 


consistently lowest hanicel lulose In Individual year and also 


over the years 


The crop stands showed no slgnlflc^t varlatlw In 


hemicellulose content In both the years. There was not much 


difference In hemicellulose content of grass under different 


crop stands In 1989. In 1990, however, grass Intercrcw®** with 


cowpea gave comparatively lower content of hemicellulose. The 
average hemicellulose content over the years was minimum (20.1 *) 
for Pennisetum pedicel Tatum when Intercropped with cowpea while 
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Table 30. Hemicellulose content (X) 


Treatment* 1909 1990 Mean 


Qras* Legume Qrass Legume Grass Legume 


Pennisetum pedlcBnatim 
varieties 


IGFRI-S-43-1 (Bundel-I) 

21.3 

9.9 

19.7 

11.9 

20.5 

10.9 

IGFRI-S-4-2-1 (Bundel“2) 

22.1 

8.3 

19. S 

9.5 

20.8 

8.9 

IGFRI-3808 

20.8 

11.3 

18.7 

10.2 

19.8 

10.8 

SEm± 

0.48 


0.93 




CO at 5X 

NS 


NS 




Crop stands 







Pennisetum pedicel latim 
pure 

21.3 


20.1 


20.7 


Pennisetum pedlcellatm 
+ cowpea 

21.9 

11.1 

18.2 

11.0 

20.1 

11.1 

Pennisetum pedlcellatm 
+ clusterbean 

21.0 

8.6 

19.5 

10.1 

20.3 

9.4 

SEin+ 

0.48 


0.93 




CD at 5X 

NS 


NS 




Nitrogen levels (kg/ha) 







30 

22.0 

9.3 

19.6 

10.3 

20.8 

9.8 

60 

21.5 

10.5 

20.2 

9.0 

20.9 

9,8 

90 

20.6 

11.1 

18.1 

12.3 

* 19.4 

11.7 

SEm+ 

0.48 


0.93 




CO at SX 

NS 


NS 






21.4 10.0 


General mean 


19.1 10.6 


Heml cellulose content (X) Heml cellulose content (X) Hetni cellulose content 



BUNDEL-l 


icfRt-sace 


BUNDEL-2 

Grass varlell^ 


d lEOlhE isao 

M LEOuiue tseo 


■I BRASa 1680 
EH QRASa 1860 
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Oop stands 


LEGUME 1686 
M LEQUtiE 1880 
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Nitrogen levels (l<Q/ha) 
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■ GRASS 1686 
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•s fat nv.' 
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pure grass reflected Its maximum value (20,7 %). Between 
legumes, the hemicellulose content was consistently less In 
clusterbean than cowpea. 

The hemicellulose content remained unaltered by varying 
doses of nitrogen In both the years. Application of 90 kg N/ha 
resulted In minimum hemicellulose content In Pennisetim 
pedicellatum pure but accumulated Its maximum content In legimies 
in both the years. The average data on hemicellulose content over 
the years too evinced similar pattern. 

The significant crops stand x nitrogen levels Interaction in 
1990 (Table 31) shovad that Penn isetum ped ice 11 atim Intercropped 
with cowpea at 30 kg N/ha contained significantly higher 
hemicellulose content (23.1 X) than pure stand of grass at 60 kg 
N/ha as well as Intercropped with clusterbean at 30 kg N/ha. 

Cellulose: The mean cellulose content both In Pennisetm 
pedicellatum and legume was higher In 1990 than 1n 1989 (Table 32 
and Fig. 23). In general, the cellulose content In legirae was 
2/3rd of that In grass. Pennisetum pediceJIatm varieties siwwed 
significant variation In cellulose content In both the years of 
Investigation. in 1989, the cellulose content of Bunctel-2 was 
significantly higher than Bundel-1. Variety IGFRI-3808 however, 
contained cellulose statistically similar to that of Bundel-1 and 
Bundel-2. In 1990, variety Bundel-1 showed significantly lower 
cellulose content than IGFRI-3808 but was at par with Bundel-2 
which In turn did not differ from each other. The data averaged 



Table 31. Effect of crop stands X nitres^ levels on hen1c»11u1(»e 
content (X) of grass component 


Crop stands 


1990 



Nitrogen levels (kg/ha) 


30 

60 

90 

Penn Isetum pedice 1 lattm 
pure 

20.6 

13.8 

22.4 

Penn Isetum pedicel Jatum 
+ cowpea 

23.1 

19.5 

18.2 

Pennisetum pedicel Jattm 
+ clusterbean 

16.8 

19.6 

18.1 

SEmt 

1.60 




CO at 5X 


5.2 
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Table 32. Cellulose content (X) 


Treatments 

1989 

1990 

Mean 


Grass Legume 

Grass Legume 

Grass Le^jme 

PennIsBtum pedicel Jatun 
varieties 







IGFRI-S-43-1 (Bundel-1) 

39.0 

32.2 

40.5 

33.2 

39.8 

32.7 

IGFRI-S-4-2-1 (Bundel-2) 

41.6 

32.5 

42.1 

33.4 

41.9 

33.0 

IGFRI-3808 

40.4 

30.8 

43.1 

33.5 

41.8 

32.2 

SEmt 

0.58 


0.48 




CD at SX 

1.9 


1.6 




Crop stands 







Pennisetum pedIceUatm 
pure 

41.1 


42.6 


41.9 


Pennisetum pedicel latum 
+ cowpea 

39.6 

31.1 

42.1 

33.0 

40.9 

32.1 

Pennisetum pedlcellatum 
+ clusterbean 

40.2 

32.5 

41.1 

33.7 

40.7 

33.1 

SEm± 

0.58 


0.48 




CD at 5X 

NS 


NS 




Nltros^n levels (kg/ha) 







30 

40.8 

31.1 

41.5 

32.0 

41.2 

31.6 

.60 

40.0 

33.1 

42.3 

33.9 

41.2 

33.5 

90 

40.2 

31.3 

41.9 

34.1 

41.1 

32.7 

SEbHi 

0.58 


0.48 




CD at 5X 

NS 


NS 




General mean 

40.3 

31.8 

41 .f 

33.4 
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over the years Indicated that the variety Bundel-I exhibited 
lower cellulose content than Bundel-2 and IGFRI-3808 which had 


similar cellulose content 


In 1989, the cellulose content of 


legume was low in association with IGFRI-3808 as compared to Its 


association with Bundel-1 and Bundel-2. In 1990, however, legune 


exhibited similar cellulose content with all the grass varieties 


Differential crop stands did not cause significant variation 


In cellulose content of grass In any of the years. However, grass 


accumulated maximum cellulose content In pure stand In both tlw 


years. Average data also Indicated that association of grass 


either with cowpea or clusterbean exhibited lower cellulose 


content than pure stand of grass. Clusterbean showed higher 


cellulose content than cowpea In both the years 


Nitrogen levels did not Influence the cellulose content of 


Pennisetum ped/ce 7 Zatum significantly In any of the years. In 


1989, maximum cellulose content In grass was recorded with 30 kg 


N/ha. In 1990, the highest cellulose content was obtained with 60 


kg N/ha. Legume showed maxlmimi cellulose content at 60 kg N/ha 


in 1989 and at 90 kg N/ha In 1990. The average cellulose content 


In legimie was maximum at 60 kg N/ha and mlnlmtmi at 30 kg N/ha 


Add detergent lignin (ADL): The data on lignin .content are 


presented In Table 33 and depicted In Fig. 24. The mean lignin 
content of grass In 1989 was comparable to that in 1990 whereas, 


the lignin content of legume In 1990 was higher by 1.8 X over 
that In 1989. The lignin content of PBnnlsstiM pedicol JsttM 


varieties did not vary significantly In 1980 whereas, In 1990 
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Table 33. Acid detergent lignin (AOL) content (X) 


Treatinente 

1989 

1990 

Mean 


Grass Legume 

Grass Legume 

Grass Legume 

Ponnisetm pedicel latim 
varieties 







IGFRI-S-43-1 (Bunde1-1) 

6.7 

7.2 

6.4 

8.5 

6.6 

7.9 

IGFRI-S-4-2-1 (Bundel-2) 

7.2 

7.8 

7.8 

10.3 

7.6 

9.1 

IGFRI-3808 

6.7 

7.4 

6.5 

9.2 

6.6 

8.3 

SEin+ 

0.32 


0.19 




CD at SX 

NS 


0.62 




Crop stands 







Pennisetm pedicel latirni 
pure 

6.5 


6.6 


6.6 


Pennlsetum pedicel! atm 
+ cowpea 

7.1 

8.0 

7.3 

10.3 

7.2 

9.2 

Pennisetm pedicellatm 
* clusterbean 

6.9 

6.9 

6.7 

8.4 

6.8 

7.7 

SEin± 

0.32 


0.19 




CO at 6X 

NS 


NS 




Nitrogen levels (kg/ha) 







30 

6.7 

7.2 

6.9 

9.9 

6.8 

8.6 

60 

6.8 

7.7 

6.9 

9.2 

6.9 

8.5 

90 

7.0 

7.4 

6.9 

8.9 

7.0 

8,2 

SQtt 

0.32 


0.19 




CD at 6X 

NS 


NS 




General mean 

6.8 

7.6 

6.9 

9.3 




J 


detergent lignin content [%) Acid detergent lignin content {%) Add detergent lignin content (!&) 







FIG 24: ACID DETERGENT LIGNIN 
(ADL) CONTENT 
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significantly lower lignin content was observed In Bundel-1 and 
IGFRI-3808 as compared to Bundel-2. On an average, the lignin 
content In Bundel-1 and IGFRI-3808 was numerically the same (6.6 
%) and lower than Bundel-2 (7.5 %). The legume In association 
with Bundel-1 contained minimum lignin whereas, Its content was 
maximum In association with Bundel-2 In both the years. 

Differential crop stands brought no tangible variation In 
lignin content of grass. However, the minimum lignin content was 
observed In Pennisetum pedlcellatum pure while It was maximum 
when grass was Intercropped with cowpea. The lignin content In 
cowpea was more than clusterbean In both the years. 

Nitrogen levels could not bring tangible change In lignin 
content of Pennisetum pedlcellatum In both the years. In 1989, a 
slender Increase In lignin content of grass was noticed with 
Increasing levels of nitrogen. In 1990, however, all the levels 
of nitrogen exhibited numerically the same lignin content. The 
data averaged over the years showed that the lignin content 
Increased In grass and decreased In legume with an Increase In 
doses of nitrogen from 30 to 90 kg N/ha. 

The Interactions, nitrogen levels x crop stands and nitrogen 
levels X Pennisetum pediceUatim varieties ii«re significant for 
lignin content of grass In 1990 (Table 34). In case of pure 
grass and Its association with clusterbean, the lignin content 
gradually Increased with Increasing levels of nitrogen whereas. 
In case of grass Intercropped with cowpea Its ccHitent decreased. 
The grass grown with cowpea at 30 kg N/ha and w1th_clusterbea[^a^ 
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90 kg N/ha exhibited statistically similar lignin content but 
higher than other combinations. Variety IGFRI-3808 receiving 80 
or 90 kg N/ha showed similar lignin content but significantly 
greater than remaining Interactions of grass varieties x nitrogen 
levels. With increasing levels of nitrogen fran 30 to 90 kg/ha, 
the lignin content decreased In Bundel-1, Increased In IGFRI-3808 
and remained static In Bundel-2. 


Acid Insoluble ash (Plant silica): Average acid Insoluble ash 
content of Penn isetum pedicel latum (Table 35 and Fig. 25) was 
less (2.6 %) In 1989 than In 1990 (4.0 X) while the values for 


legume were Identical (0.7 X) In both the years. None of the 


treatment variables brought out significant variation In ash 


content In both the years. Variety Bundel-2 gave lowest ash 


content consistently. Bundel-1 In 1989 and IGFRI-3808 In 1990 


registered maximum content of acid Insoluble ash. Legume In 
association with Bundel-1 and Bundel-2 exhibited similar and 


lower ash content than In association with I6FRI-3808 In 1989 


whereas In 1990, legume In association with Bundel-1 and I6FRI- 
3808 gave similar but higher ash content than In association with 
Bundel-2. On an average, the ash content of legume was 


marginally higher In association with IGFRI-3808. 

Pennisetum pedicellatum grown In pure stamJ contained 
maximum acid Insoluble ash followed by grass Intercropped with 
clusterbean and cowpea In both the years. Between legimws, 
cowpea contained higher ash per cent than clusterbean throughout. 
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Table 35. Acid Insoluble ash content (X) 


Treatments 


Grass Legume Grass Legimte Grass Legume 


Penn Isetum pedice 1 latum 
varieties 


IGFRI-S-43-1 (Bundel-1) 2.9 0.7 3.9 0.7 3.4 0.7 


IGFRI-S-4-2-1 (Bundel-2) 2.3 0.7 3.5 0.6 2.9 0.7 


IGFRI-3808 


SEm+ 


Crop stands 


Pennisetum pedicellatum 2.8 
pure 


Pennisetum pedicellatum 2.5 0.8 

+ cowpea 


Pennisetum pedicellatum 2.6 0.6 

+ clusterbean 


Nitrogen levels (kg/ha) 


General mean 


soluble ash (%] Acid Insoluble di$h [%) 



FIG 25: AQD INSaUH.E ASH 
(PLANT SILICA) CONTENT 
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Nitrogen levels could not bring out significant variation in 
acid insoluble ash content of Pennisetum pedicellatm in both the 
years. Averaged over the years, the ash content worked out to be 
numerically the same at all the levels of nitrogen. Like grass, 
the ash content of legume was also of similar order at varying 
levels of nitrogen. 


Nitrogen Uptake: 


The perusal of the data on nitrogen uptake under different 


treatments (Table 36 and Fig. 26) revealed that the uptake of 
nitrogen was considerably higher in 1990 (126.2 kg/ha) than in 


1989 (97.8 kg/ha). 


Penn/set£/m pedyce77at£//» varieties differed significantly in 
nitrogen uptake only in 1989. Variety Bundel-i showed 
significantly highest nitrogen uptake as compared to IQfRI-3808 
which in turn did not differ significantly from Bundel-2. In 1990 
also, the highest uptake of N occurred with BundeT-1 followed by 
IGFRI-3808. The similar trend was maintained with respect to 
average data. • 

Differential crop stands showed significant variation in H 
uptake and grass intercropped with clusterbean or cowpea caused 
significantly greater uptake of M as compared to pure grass in 
both the years. However, variation in nitrogen uptake between 
grass + cowpea and grass + clusterbean was not significant in 
both the years. In 1989, highest nitrogen uptake was observed 
with grass + cowpea but in 1990 it was higher with grass + 
clusterbean. The data averaged over the years Indicated highest 
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Table 36. Nitrogen uptake (kg/ha) 


Treatments 

1989 

1990 

Itean 


Grass+Legume 

Grass+Legime 

Qrass-t-legume 

Pennisetum pedlceJIatum 
varieties 




IGFRI-S-43-1 (Bundel-1) 

107.7 

132.8 

120.3 

IGFRI-S-4-2-1 (Bundel-2) 

95.0 

118,1 

106.6 

IGFRI-3808 

90.8 

127.8 

109.3 

SEni+ 

5.12 

4.93 


CD at 5% 

15.0 

NS 


Crop stands 




Pennisetum pedicellatum 
pure 

75.4 

109.4 

92.4 

Pennisetum pedicellatum 
+ cowpea 

115.5 

131.9 

123.7 

Penn isetum pedice 7 latum 
+ clusterbean 

102.6 

137.4 

120.0 . 

SEm± 

5,12 

4.93 


CD at 5% 

15.0 

14.5 


Nitrogen levels (kg/ha) 




30 

89.2 

97.7 

93.5 

60 

101.1 

131.4 

116.3 

90 

103.2 

149.6 

126.4 

sEmt 

5.12 

4.93 


CD at sx 

NS 

14.5 



General mean 





Nitrogen uptake 



FIG 26 : NITROGEN UPTAKE (kg/ha) 
OF SWARD 
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nitrogen uptake with grass + cowpea followed by grass + 


clusterbean Intercropping 


Though the Increasing nitrogen levels Increased the nitrogen 


uptake In both the years, but the differences were significant 


only In 1990 where every additional dose of nitrogen Increased 


the uptake significantly. The data averaged over the years 


also Indicated that nitrogen uptake progressively Increased with 


the Increasing levels of nitrogen up to 90 kg N/ha 


The Interaction of varieties x crop stands (Table 37) 


showed significant variation In N uptake in 1989. Grass variety 


Bundel-1 intercropped with cowpea showed significantly higher N 


uptake as compared to other combinations. Further, all the 


grass varieties In association with cowpea or clusterbean shwed 


significantly higher N uptake over their pure counterparts 


Response Functions 


In order to study the response behaviour of Pennisettm 


pedicel Jatum varieties in pure stand as well as intercropped with 


cowpea and clusterbean to varying levels of nitrogen, tlw 


response equations were fitted for both green and dry matter 


yields. The single degree analysis was done to find out the 


nature of response functions. The response curves along with 


equations and degree of correlation (R ) are presented In Fig 


27 and 28. A perusal of the observations Indicated that 


response to nitrogen both In terms of green forage production and 


dry matter accumulation was linear for all the varieties and crop 



Table 37. , Effect of crop stands X Pennlsetim pec/fce 7 latun varieties 
on nitrogen uptake (kg/ha) In 1939 


Crop stands 


Varieties 



IQFRI-S-43-1 

IQFRI-S-4-2-1 

IQFRI-3808 

Pennisetum pedicel latum 
pure 

69.5 

80.3 

76.3 

Pennisetum pedicel latum 
+ cowpea 

142.0 

109.0 

95.5 

Penn iseturn pedice 1 latum 
+ clusterbean 

111.5 

95.7 

100.6 

SEni+ 

8.87 



CD at 5% 

26.0 









FIG 27: RESPONSE FUNCTION OF GRASS 

VARIETIES 

GREEN FORAGE YIELD (q/ha) 


BUNDEL-1 -^-BUNDEL-2 -^(QFRI-3808 


DRY MATTER YIELD (q/ha) 


BUNDEL-1 "®-BUNDEL-2 -*~IGFRI-3808 





Green Forage Yield (q/ha) 


FIG 28 : RESPONSE FUNCTION FOR 
CROP STANDS 







stands. On an average, the degree of correlation roeasured as 


value of R was maximum for variety Bundel-1 (0.996) for green 


forage and with variety IGFRI-3808 (0.999) for dry matter. The 


values of R for variety Bundel-2 were lowest for green forage 


(0.985) and dry matter (0.919). Variety IGFRI-3808 for green 


forage and Bundel-1 for dry matter showed Intermediate values of R 


Pennisetum pediceJIatim + clusterbean exhibited max1rai«B 


for both green forage (0.996) and dry matter (0.999) 


yields followed by pure grass stand. Dinanath + cowpea, Irowever 


gave lowest values of R for green forage (0.987) and dry matter 


(0.901) yields 


The response to per kg of applied nitrogen varied from 


variety to variety and also with crop stands. However ,tN 


magnitude of response decreased with Increasing doses of 


fertilizer nitrogen In all the varieties. The variety wise 


responses are discussed herewith 


Bundel -1: The response In terras of green forage yield In pure 
stand of Bundel-1 (Table 38) to each kg of applied N decreased 
from 10.9 to 4.3 q/ha when nitrogen was Increased from 30 to 90 


kg/ha In 1989. Such decrease was f rtwi 14.4 to 6.4 q/na in i»»u. 
The corresponding decrease In dry matter yield was from 1.19 to 
0.78 q/ha 1n 1989 and from 2.81 to 1.31 q/ha In 1990. 

In case of Bundel-1 + cowpea Intercropping, the degree of 
response In terms of green forage yield per kg of applied N 
Hprro«firf from 11.3 to 4.0 o/ha In 1989 and from 12.0 to 5.4 q/ha 
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In 1990 with increasing levels of nitrogen fro« 30 to 90 kg/ha. 
The dry matter yield of grass + cowpea per kg of applied N 
decreased from 2.1 to 0.77 q/ha In 1989 and from 2.0 to 0.73 q/ha 
in 1990. The green forage yield of grass + clusterbean per kg of 
applied N decreased from 10.1 to 4.1 q/ha In 1989 and from 13.3 


to 5.4 q/ha In 1990. On the other hand, the dry matter yield of 
sward per kg of applied N decreased from 1.90 to 0.77 o/ha in 


Bundel-2: The response In terms of green forage yield of this 
grass variety In pure stand (Table 39) to per kg of applied N 
decreased from 12.1 to 4.5 q/ha with an Increase In nitrogen from 


corresponding decrease In dry matter yield was from 2.84 to 1.02 


The response In terms of green forage yield of Bundel-2 + 


cowpea mixture to per kg of applied N decreased from 8,6 to 3.2 


q/ha in 1989 against 12.2 to 5.2 q/ha In 1990. However, the 


decrease In dry matter yield was from 1.98 to 0.73 q/ha In 1989 


and from 2.45 to 0.95 q/ha In 1990. In case of grass ♦ 


clusterbean Intercropping, the degree of respcmse for green 


forage yield per kg of applied N decreased from 10.6 to 3.7 q/ha 


In 1989 and frcsn 12.5 to 5.2 q/ha In 1990. The corresponding 


decrease In dry matter yield was from 2.42 to 0.91 q/ha in 1989 



Table 39. Response of Pennisetum pedicellatum variety Bundel-2 to per kg of applied 
nitrogen (q/ha) 
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IGFRI-3808: The degree of response 1n terms of green fora^ 
yield In pure stand of IGFRI-3808 (Table 40) to each kg of 
applied N diminished from 1!.4 to 4.4 q/ha when nitrogen was 
enhanced from 30 to 90 kg/ha in 1989. Such decrease was from 
16.4 to 5.9 q/ha in 1990. The corresponding reduction in dry 
matter production was from 2.25 to 1.05 q/ha in 1989 and from 
3.06 to 1.10 q/ha in 1990. 

The green forage yield of IGFRI-3808 + cowpea per kg of 
applied N decreased from 8.8 to 3.4 q/ha in 1989 and from 11.6 to 
4.9 q/ha in 1990. In case of dry matter yield, the reduction 
was from 2.07 to 0.77 q/ha in 1989 and from 1.95 to 0.92 q/ha in 
1990. Grass + clusterbean Intercropping showed that the response 
in terms of green forage yield to each kg of applied N decreased 
from 10.8 to 3.9 q/ha in 1989 and from 10.8 to 5.0 q/ha in 1990. 
On the other hand, the dry matter yield of grass + clusterbean 
sward per kg of applied N decreased from 2.49 to 0.98 in 1989 and 
from 2.29 to 0.91 q/ha in 1990. 


Average response to nitrogen: Tire data on average response per 
kg of applied nitrogen to different Pennisetum pedi cell atm 
varieties grown as pure stand and intercropped with cowpea and 
clusterbean have been presented in Table 41. 

Pure grass stand: The data indicated that at 30 kg N/ha variety 
IGFRI-3808 as pure stand prwluced (13.2 q/ha ) and Bundel-1 (12.7 
q/ha). On the other hand, variety Bundel-2 produced maximum dry 
matter of 2.90 q/ha followed by IGFRI-3808 (2.66 q/ha) and 
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Table 41. Average response to per kg of applied N (q/ha) of grass grown as pure and Intercropped with 
cowpea/c 1 uste rbean 
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Bundel-1 (2.36 q/ha). At 60 kg N/ha, the response to each kg of 
applied N was highest In Bundel-1 and Bundel-a (T.7 q/ha) In 


terms of green forage yield and with Bundel-2 In terms of dry 


matter yield (1.92 q/ha). At highest level of 90 kg N/ha, the 


response to per kg of N applied In terms of green forage yield 


was found maximum with Bundel-2 (5.7 q/ha) followed by Bundel-1 


(5.5 q/ha). In terms of dry matter yield also, variety Bundel-2 


gave a lead (1.31 q/ha) over others 


Grass + cowpea: The response to per kg of applied N to grass + 


cowpea mixed stand Indicated that at all levels of nitrogen 


application from 30 to 90 kg/ha, variety Bundel-1 produc^l 


highest green forage (11.7 to 4.7 q/ha) folltwed by Bundel-2 


(10.4 to 4.2 q/ha). The corresponding dry matter was higher (2.22 


q/ha) In Bundel-2 followed by Bundel-1 (2.05 q/ha) at 30 arwi 60 


kg N/ha. However, at 90 kg N/ha variety IQFRI-3808 In association 


with cowpea produced highest (0.86 q/ha) dry matter yield 


followed by variety Bundel-2 + cowpea (0.84 q/ha) 


Grass + clusterbean: The data averaged over the years Indicated 


that at 30 and 90 kg N/ha, variety Bundel-1 in assoclatiwi with 


clusterbean produced higher green fora^ yield. However, at 60 kg 
N/ha the mixed stand with variety Bundel-2 produced higher yield 
per kq of applied N. In terms of dry matter variety Bundel-2 + 


clusterbean maintained highest degree of response at 


levels of fertilizer nitrogen from 30 to 90 kg/ha 
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Growth and Forage Yield of CcMi^^onent Cr(H>s In Relation 
to Weather Conditions: 


The forage production per unit area per unit t1»e is a 
resultant of the Interaction between genotypes and mvircsineift. 


The environmental factors influence the structural 


(morphological) and functional (physiological) responses of 


plants in a coordinated manner to determine the level of crtH) 


yield. In the present investigation the average total 


(grass+legume) green forage (455.2 q/ha) and dry matter (8T.4 


q/ha) yields (Table 17 and Fig. 12 and 13) were hi^r in 1990 as 


compared to 1989 (334.8 q green and 73.3 q dry jwtter/ha). lt» 


pooled analysis of the data brought out significant variation in 


forage yield due to years Indicating that tt» in^ther conditions 


exhibited a strong toaring cm the grwth perfonwmcs and forage 


production of ccxnponent crops. This was also reflated in 


considerable variation in herbage productivity as the gr^fi 


productivity was 5.4 q/ha /day in 1990 against 4.2 q/ha/day in 
1989. This was attributed to favcxirable weather conditions in 


The total rainfall during the crop season was higher in 1990 
(844.1 mm) as compared to 1989 (487*6 mm). The total rainfall for 
crop period was received in 31 rainy days in 1990 against 16 


rainy days in 1989 indicating that the number of rainy days was 
nor* than double In ' : ' ' ' _ 
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Thus, the unlfonn distribution of rainfall acconpanlod with 
higher humidity In 1990 Influenced the crop grx«th favourably 
(Chatterjee, 1973). Contrary to this, the year 1989 experienced 
critical dry spells, beginning from standard week No. 30 for a 
period of two weeks Immediately after sowing which adversely 
affected the germination and establishment of corapcHwnt crops. 
Again the second long dry spell occurred from standard t^k No. 
36 from 3rd September till the harvest of crops. This coincided 
with active grand growth period of crops resulting In low herbage 
yield. The maximum and minimum tM^ratures as well as 


evaporation beyond standard week No. 35 also remained higher In 


1989 as compared to 1990. All these caused soil moisture stress 


coinciding with establishment stage and grand growth period In 


1989 which adversely affected the ni^r of functional, leaves 


length and breadth of leaf, leaf area Index, leafrstem ratio and 


relative leaf turgldlty of the grass co^nent. In turn, all 


these reflected In lower herbage yield per imit area per unit 


time In 1989 as compared to 1990 


Growth and Forage Productivity of P&mlaettm 
pedicellatum Varieties; 


The variation In green foraj^ production of PmmIsBtm 


pec//ce77at(/m varieties was not significant In both the years 


However, on the basis of pooled data, Bundel-1 aitylelded both 


Bundol-2 and IQFRI-3808 In green forage production. On the other 


hand, Bundel-2 accumulated significantly hls^r dry matter as 


compared to Bundel-l and IQFRI-3808 which In turn did not differ 
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significantly between themselves, since, variety Buntfel-I 
maintained higher relative leaf turgldlty than others at harvest. 
It resulted In greater green forage yield and productivity per 
unit area. Variety Bundel-I contributed 66.4 % to the total grwn 
forage yield against 63 X by Bundel-2 and IGFRr-3808. The 
contribution of counterpart legwnes was 43.6 X In case of Bundel- 
1 and about 37 X with Bunde1-2 and IQFRI-3808. Tirase observations 
Indicate that Bundel-1 exhibited better association with 
companion legume than Bundel-2 and IQFRI-3808. ttoreover.the 
legumes Intercropped with Bunde1-1 also exhibited greater number 
of plants per running metre, Increased number of functional 
leaves per plant and higher dry matter accumulation. All these 
favoured high total (grass+legume) forage yield with Bundel-1. 

Significantly greater dry matter accumulation with variety 
Bundel-2 Is due to proportionately higher contribution from grass 
(68.5 X) than from legume (31.5 X) and hl^r contribution of 
grass Is on account of greater number of leaves per shoot and 
comparatively higher leaf area Index attributing to greater 
photosynthesizing surfaces and thereby, h1gh«r dry matter 
accumulation (Brown and Blaser, 1968). These findings 
corroborate with those obtained under All India Coordinated 
Research Project on Forage Crops (AICRPFC, 1984-86). All t^sa 
ultimately lead to higher productivity per day In tenite of green 
and dry matter yield (Table 18 and Fig. 14 and 15). 









Effect of Nitrogen Nutrition on Growth and Forage Yield: 

The Increasing doses of nitrogen from 30 to to kg/ha 
significantly Increased the green and dry matter production In 
both the years as also on the basis of pooled data with tf» 
result that highest forage yield was obtained at 90 kg M/ha 
(Table 17 and Fig, 12 and 13). The positive effect of nitrogen 
nutrition in enhancing the green and dry matter yield Is 
associated with an Increase In growth attributes such as number 
of tillers, plant height, number of functional leaves of grass 
component as well as leaf area Index and dry matter cont^t 
(Table 3, 4, 8, 9 and 10 and Fig. 3, 4, 5, 6 Mid 7). This Is 
because of the fact that nitrogen Is involved in increasing 
protoplasmic constituents and accelerating the process of cell 
division and elongation which In turn give luxuriant vegetative 
growth for higher forage productivity (Watson, 1952). 

Tregubenke and Filippov (1966) found an increi^e In the 
amount of most strongly bound water wid water potential of leaf 
cells by Increasing the nitrogen-ptosphorus nutrition. Nitrogwj 
nutrition Induces an enhancement In the water retaining forces of 
the cell and reduces the rate of transpiration in ttie leaves and 
ultimately stimulates growth, resulting In batter crop yield. 
Singh (1980) also reported that nitrogen nutrition wrtwnces the 
growth and yield of maize by stimulating various metabolic 
processes. Nitrogen Is the key element In grass growth and Is the 
most limiting nutrient In the Indian sollSi. Its lassiilication iwt 



only increases the green and dry matter yields but also 
Influences the quality (Menhl Lai and Tripathl. 1887 a) of 
forage, particularly the level of protein. The favourable effects 
of nitrogen on growth attributes (plant height and number of 
leaves), quality parameters (protein and fat) and herbage yield 
of sorghum have been reported by Bajwa eC ah (1983), EL-Kassaby 
(1985) and Wani et ah (1991). 


Effect of Pure and Mixed Stands of PannlmBtim 
pedicel Jatum on Growth and Forage Yield: 


Pure stand of Pennisetum pedicel latum significantly out 


yielded Dinanath grass + cowpea and Dinanath grass + clusterbean 


In green as well as dry matter production In both the years 


Comparatively lower yield In Intercropping system may be 


attributed to 50 * replacement (2:2 row ratio) of grass by 


legumes having relatively less production potential. This Is 


however, compensated by Improvonent In forage quality 


particularly In terms of crude protein content of both the 


component crops and Its total outturn In the sward. However 


both the Intercropping systesB differwl significantly between 


themselves In dry matter accunulatlon but not In green forap 


production* Significantly highest green and dry awitter yield In 


pure stand Is attributed to more number of shoots pr running 


metre and higher leafistem ratio. Dinanath grass + clusterbean 
showed an edp over Dinanath grass + cowpea In grewi for^e and 


dry matter yield. , Such differences In the prcxhictlvlty are 
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associated with better plant height, UI, RWC, root nast of grass 
In association with clusterbean than cowpea. Moreover, higher dry 
matter content of clusterbean also contributed to hl^r dry 
matter production of this canblnatlon. 

The contribution of grass to total herbage production was 
66.0 % with clusterbean against 55-60 % with cowpea. The better 
associative effect of clusterbean with grass In coiMMrlson to 
cowpea Is primarily due to erect nature of growth of clusterbean 
which lends favourable environment for grass growth In mixed 
stand. Tripathi et ah (1984) also observed higher dry matter 
yield with Dinanath grass + clusterbean than Dinanath grass + 



cowpea. 


Effect of Treatment Variables on Quality Traits: 

Crude protein: All nitrogenous substances contained In feed stuff 


which Include the true proteins (composed of a nua^r of amino- 
acids) and non-protein nitrogen (NPN) compounds, are collectively 
called crude protein. Pennlsetm pedicellatum variety BwKtel-1 
showed significantly higher crude protein contwit In both the 
years (Table 20 and Fig. 16) and crude protein yield In 1989 
(Table 22 and Fig. 17). The hlj^r crude protein contwt and 
yield of Bundel-1 at low and medium level of nltrc^ Is ihie to 
Its longer leaf area duration and greater relative leaf turgidity 
maintained In this variety at harvesting stage. Moreover, the 
associated legumes by virtue of Its higher number of leaves as 
well as greater degree of nodulatlon supplwwrted cwislderably In 
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Improving the crude protein content In thi# variety. The 
favourable effect of associated legume on quality traits of grass 
may be attributed to nitrogen fixed by the Intercrop legume and 
Its transfer to the associated cereal component (Agboola and 
Fayeml, 1972; Remison, 1978; Eaglesham at ah, 1981; Pandey and 
Pendleton, 1986). Moreover, roots and nodules have been regarded 


as Important sources of N transfer because of their high N 
contents on one hand (Butler and Bathurst, 1956) and nitrogen 


supplying power to associated cereal crops on the other (Henzell 


and Vail Is, 1977; Herridge, 1982) 


The Intercropping of Oinanath grass with forage le^asae 


caused an Increase In crude protein content of grass component 


On an average Oinanath grass Intercropped with oswpea ccwitalrad 


7.2 % crude protein against 6.9 X when Intercropped with 


clusterbean and 6.3 X In pure grass stand. Tlw total outturn of 


crude protein was also higher with Oinanath grass variety 


Bunde1-1 + cowpea combination In 1989 than Oinanath grass * 


clusterbean. This kind of variation In crude protein yield Is an 


outcome of proportionately greater cwitrlbutlwi of coi^iea 


containing higher level of crude protein ( Menhl Lai ami 


Tripathi, 1987 b). ftoreover, 3.5 tlBws greater number of nockiles 


higher leaf: stem ratio and leaf turgldlty of cowpea In comparison 


to clusterbean lead to greater contribution to crtate protein 


yield. In 1990, Oinanath grass + clusterbean showed marginally an 


edge over Oinanath grass + cowpea In crude protein yield di» to 


relatively higher green and dry forage yield 
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Nitrogen nutrition Influenced the level of cructo protein 


favourably up to 60 kg N/ha In 1989 and up to 90 kg N/ha In 1990 


The Increase In crude protein content with Increasing levels of 


fertilizer nitrogen Is an expression of the part pla^d by 


nitrogen In protein synthesis (Abraham et a1., 1980). Increase In 


crude protein content of Dinanath grass following nitrogen 


application was also reported by Narwal et a1. (1977) 


Considerable evidences are available to show tl» key role of 


fertilizer nitrogen In Increasing crude protein ocxitent and 


forage quality (Oberol, 1980: Hannikar, 1980) 


Water soluble carbohydrates(WSC): Qlucose, fructose, sucrose and 


fructans are the main HSC In grass. Oil saccharides other than 


sucrose have been detected but It Is doubtful If these are 


present In significant quantity (Butler and Bailey, 1973) 


Soluble carbohydrates are Important In helping to prevent 


hypomagnesemia and perhaps hypocalcemia. Metson et af. (1978) 
believed that the protective role of reaJIly available 


carbohydrates may be partly due to their role In providing 
essential energy and carbwi requirements for fatty acid «id 


protein synthesis. 

There was significant variation in WSC contents of 
Pennisetm fmd feel latum varieties In both years. Variety 
IGFRl-3808 contained highest WSC content (5.1 X) In 1989, 
whereas, In 1990, variety Bunde1-1 exhibited hl^iest content 
of 3.9 per cent. The higher WSC content In variety I(»T«-3808 Is 
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associated with Its high photosynthetic rate as a fwictlon of 


more number of tillers, taller plant height and greater leaf area 
Index. Forage legumes Intercropped with Pemisetm podlmJIatm 


variety IGFRI-3808 consistently exhibited higher mc content on 


account of higher relative leaf turgidity resulting Into longer 


period of carbohydrate synthesis with this combination 


Pennisetum pedicel Jatum and cowpea when grown In association 


accumulated significantly higher WSC than the pure grass stand In 


both the years. The higher WSC content with this coo^lnatlon Is 


a resultant of their photosyntheslzlng characters viz., greater 


number of leaves and leaf: stem ratio In grass coayxHient and 


taller plant height, greater number of leaves, more leaf:8teffi 


ratio and Increased leaf turgidity In legume coo^nent. In 1990 


In Intercropping, Pennisetum pedicel latum with cowpea gave 


highest WSC content at 30 kg N/ha whereas, with clusterbean ii^ 


content was highest at 90 kg N/ha (Table 25). This could be 


substantiated by the fact that cowpea with better nodulatlon awl 


nitrogen fixing characteristics caused associated grass to 


maintain higher level of WSC content at lew (30 kg/ha) nitrogen 
dose. On the contrary, the grass associated with clusterbean. 


possessing coi^aratlvely less nodulatlon and nltrogwi supplying 
power, demanded high nitrogen (90 kg/ha ) to give maxlsajm WSC 


content 


In general. Increasing levels of fertilizer nitrogen from 30 
to 90 kg/ha Increased the content of WSC In Dinwiath grass Iwt 
decreased In forage legumes. Variety Bundel-1 consistently gave 
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higher WSC content at 90 kg N/ha. The Increase In IfSC of grass Is 
linked with metabolic role of nitrogen In photosynthetic process 
(Singh, 1980). On the other hand, decrease In WSC ccsitent of 
legume Is due to simultaneous Increase In crude protein c(Mitent 
which Is Inversely related to carbohydrates content (Thakre, 
1987). 

Oxalate content: Oxalic acid Is one of t1» toxic substances 
occurring naturally In Pennisetum and Setaria species. These 
anti-quality substances cause direct metabolic dimage to the 
animal or Interfere with some phase of digestive utilization 
(Butler and Bailey, 1973). Excess of oxalate In feeds and fodcters 
depletes body calcium of animal 1n the form of calcium oxalate, 
develops renal malfunctions and various other syndromes In 
ruminants. 

Pennisetum peof/ce/Zafum variety Bundel-2 consistently gave 
lowest oxalate content even at 30 kg N/ha. On the otter hand, 
variety Bundel-l exhibited highest oxalate content in both the 
years. Variety lGFRI-3808 occupying Intermediate positiwi In this 
respect showed declining trend In oxalate cxintent with each 
additional dose of fertilizer nltrogwi. In g«»eral. Increasing 
doses of nitrogen from 30 to 90 kg/ha ctecreased tte oxalate 
content. 



The association of forage legume In redteing the oxalate 
content of Dinanath grass was observed In relatively dry year 
(1989) but not In wot year (1990) and more so, tte effect was 





pronounced 1n association with cowpea. Intercropplna high 


yielding grass species with suitable forage legumes has been 


reported to reduce anti-quality factors like oxalates In hybrid 


napier, besides providing balanced and nutritious herbage to 


animals (Tlwana and Bains, 1976; Patel et ah, 1973) 


Fibre fractions: Crude fibre represents the frame work of the 


plants and Includes cellulose, hemlcellulose and lignin fractions 


of the cell wall. Neutral detergent fibre (NDF) Is an estimate of 


cell wall content and acid detergent fibre (ADF) Is actually a 


measure of lignocellulose complex In the forage materials 


Pennisetum pedicel latum variety Bundel-1 contained lowest 


percentage of most of the fibre fractions (NDF, ADF, cellulose 


and lignin) Indicating that this particular variety does not 


become too fibrous even at flowering stage (Table 28, 29, 32 and 


33 and Fig. 20, 21, 23 and 24). In other words. It maintains the 


desirable quality characteristics of higher Intake and 


digestibility. Legumes In association with variety Bundel-1 


Indicated highest NDF, ADF and hemlcellulose and "icmst lignin 


and acid Insoluble ash content . Forage legiwe In association 


with Bunde1-2 Indicated highest content of cellulose and llpiln 


and minimum content of NDF and hemlcellulose. Lowest ADF and 


cellulose content was observed In legumes Intercropped with 


Dinanath grass variety IGFRI-3808 with highest content 



Dinanath grass grown as pure stand exhibital hl^st 
contents of NDF, ADF, cellulose, hosIcelTulose and acid insoluble 


ash. Intercropping clusterbean with Pennisetm pmlloeJUtm 


reduced the contents of NDF, ADF and cellulose. On the other 


hand, cowpea intercropping caused a decrease in hemicellulose and 


acid insoluble ash in grass component 


Nitrogen nutrition had no significant aiKl consistent effect 


on fibre fractions of Pennisetim pediceflattm. Hcwever, low 


and hemicellulose content was observed at 90 kg N/ha idiereas 


minimum content of ADF and cellulose was observed at Iw to 


medium level of fertilizer nitrogen. In so far as the effect of 


nitrogen nutrition on fibre fract1<ms of legume c»B^)CHMnt was 


concerned, application of 30 kg N/ha resulted In lowest content 


of NDF, ADF, hemicellulose and cellulose. Nitrogen nutrition 


exhibited favourable effect In reducing lignin <»nt«fit of leiM^s 


Nitrogen Uptake in Relation to Treatment Variables: 

On an average Penn iseturo ped1<xllattm variety Bundel-I 
caused higher uptake of nitrogwi In tx)th the yeara. This was 
followed by Bundel“2 in 1989 and by IQFRI-’3808 in 1990. Tte 
higher uptake of N by Bundel-1 is associated with Its higher 
nitrogen content and greater proportion of nitrogen rich lepne 


as compared to other varieties. 

Nitrogen uptake rmnained higher in intercropping system as 
compared to pure stand of grass In both the years. Amwig 





intercrops, the association of cowpea exhibited greater N uptake 
by sward than association of clusterbean. The change In the 
pattern of nitrogen uptake by grass varieties Bundel-2 and IQFRi- 
3808 and also by the Intercropping systems over the years was an 
interplay of proportionate contribution of legume cc^jcwient to 


the total herbage yield (Henzell and Vallls, 197?; iterridge 


Increasing levels of nitrogen from 30 to 90 kg M/ha cwjsed 


an increase in the uptake of nitrogen in both the years but the 


differences were significant only In 1990 when the magnitude of 


increase was of higher order. This was because of the fact that 


additional doses of nitrogen slewed two fold benefits of 


increasing dry matter yield and in^roving tlw nltro^n content of 


grass component simultaneously. The advanta^s of nitrogen 


nutrition in enhancing the yield and quality of cereals have been 


reported by many workers (Oberoi, 1980; Hannikar, 1980; Menhi Lai 


and Tripathl, 1987 a; Tripathi and Singh, 1991) 


Response to Fertilizer Nitrogen 


The response to applied nitrogen Is a functiwi of varietal 
characteristics and their assoclablllty with forage legumes in 
intercropping systems. The data on nitrogen response In relation 
to Pennisetum pedicel latum varieties and crop stands (Table 38 
to 41) and (Fig. 27 and 28) Indicated linear response to applied 
nitrogen for all the varieties. This therefore, suggests that 
within the range of 30 to 90 kg N/ha, the Pamlaetm pedicel latum 

^ .N. ' 
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varieties with differential growth rhythm responded linearly to 
nitrogen fertilization under rainfed environment. In view of 
linear nature of response functions, it was not possible to work 
out the optimum dose of fertilizer nitrogen. A linear increase in 
green and dry forage yields was also obtained with application of 
every additional dose of nitrogen over control treatment by 
Tiwari (1965), Sinha and Chatterjee (1966) and Narwal (1970). The 
studies conducted under All India Coordinated Research Project on 
Forage Crops (AICRPFC, 1975-76) also revealed significant effect 
of nitrogen nutrition on green forage yield of Oinanath grass up 
to 150 kg/ha at Kanke and Anand. However, in case of dry matter 
production the significant response occurred up to 150 kg M/ha at 
Kanke and up to 200 kg N/ha at Anand. At IQFRI Jhansi, higher 
green forage as well as crude protein yields of grasses have been 
obtained with application of nitrogen ranging from 30 to 90 kg/ha 
(Rai and Kanodia, 1981; Kumar et ah, 1979; Kimar et al., 1980: 
Dwivedi at ah, 1980). 

The response to per kg of applied nitrogen varied from 
variety to variety and the degree of response decreased with 
increasing doses of nitrogen In all the varieties, Dinanath grass 
variety Bundel-2 registered the highest degree of response to 
each kg of fertilizer nitrogen specially In terms of dry matter 
production. 

Production functions showed linear response of fertilizer 
nitrogen In relation to crop stands. However, the magnitude of 
response to each kg of, applied nitrogen at all nitrogen levols 
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was higher In pure Dinanath grass than Its assoclaticm with 


cowpea or clusterbean. This suggests that association of legii^s 


supplemented to the nitrogen requirements of associated grass 


species, thereby, showed lower degree of response In 


Intercropping systems. Ral (1991) also revealed that the highest 


dry matter and crude protein yields were obtained with 60 kg N/ha 


In pure stand which were significantly higher than the yields 


obtained with mixed stand receiving up to 30 kg N/ha 


In Intercropping system Pennlsetum pedicel JstiM variety 


Bundel-1 exhibited highest response to per kg applied nltro^n In 


green forage production whereas. In dry matter production variety 


Bundel-2 excelled others 




SUMMARY AND CONCLUSIONS 


The field Investigation entitled "Forage yield and (|ual1ty 

of Pennisetum pedicellatum varieties In relation to fertilizer 

nitrogen and Intercrops" was conducted at Central Research Faria 

of Indian Grassland and Fodder Research Institute, Jhansl (UP) 

during Kharif season of 1989 and 1990. The experiment 

Included three Pennisetum pedicellatm varieties (Bundel-1, 

Bundel-2 and IGFRI-3808), three crop stands {Pennisetum 

pedicel latum pure, Pennisetum pedicellatum * compeat Pennisetum 

pedicellatum + clusterbean) and three levels of nitrogen (30, 60 

3 

and 90 kg N/ha). These treatments were evaluated In 3 partial 
confounding design replicated twice with 6 blocks each of nine 
plots. The experimental findings have been simrairlsed In the 
following sections. 

Crop Growth, Forage Yield and Quality Traita in Relation 
to Weather Conditions: 

The rainfall during crop perlcxl was 487.6 mm In 18 rainy 
days In 1989 and 844.1 mm in 31 rainy days In 19W. TIhis, the 
uniform distribution of rainfall accompanied with higher humidity 
Influenced the crop grwth favourably In 1990. Contrary to 
this, the year 1989 experienced critical dry spells beginning 
from standard week No. 30 for a period of tira we^ Immediately 




after sowing which affected the germination and establishment of 
component crops. Agaln^ the second long dry spell occurred from 
standard week No. 36 from 3rd September till the harvest. This 
coincided with active grand growth period of crops resulting In 
low green and dry matter yields. The maximum and mlnlmm 
temperatures as well as evaporation beyond standard week Ho. 36 
also remained higher In 1989 as compared to 1990. All these 
caused soil moisture stress coinciding with establishment and 
grand growth period In 1989 which affected most of the growth 
characters viz., number of functional leaves, length and breadth 
of leaf, leaf area Index, leafzst^ ratio and relative leaf 
turgidity of grass component. In turn this culminated In Icnwr 
green forage (334.8 q/ha) and dry matter (73,3 q /ha) yields In 
1989 as compared to 1990 (455.2 q/ha green forasp and 87.4 q/ha 
dry matter). Moreover, dry year, 1989 produced forage with 
relatively higher dry matter content both of grass and lepjme 
components. The congenial weather conditions for con^xment crops 
In 1990 also resulted In higher green forage (6.4 q/te/day) and 
dry matter (1.0 q/ha/day) productivity as co^red to 1989 (4.2 
q/ha/day green forage and 0.9 q/ha/day dry matter). 

The crude protein content of 01 nanath grass was h1#ier (7.1 
%) In 1990 as compared to 1989 (6.5 %). Consequently, the crops 
caused greater uptake of nitrogen (126.2 kg/ha)1n 1990 than In 
1989 (97.8 kg/ha). The mUr s/BliibW content, 
however, remained higher (4.8 X) In 1989 as compared to 1990 
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(3.5 X). The oxalate content In corresponding years nas 2.8 ami 


Among fibre fractions, plants contained relatively hlj^r 
percentage of ADF, cellulose and lignin In 1990 wheraas, the 


reverse was the trend with respect to NOF and hemlcellulose 


However, the differences were marginal. Acid Insoluble ash 


(plant silica) content In grass was higher In 1990 (4.0 X) than 


Growth Characters and Forage Yield in Relation to 
Treatment Variables: 


PennIsBtum pedlcellatum varieties: Pennlsatm (mlicBlIatm 


variety Bundel-1 registered highest relative leaf turgldlty 


percentage In dry year of 1989. Forage legume Intercrtwed with 


this variety exhibited more number of functional leaves and root 


nodules In both the years. Variety Bundol-1 also mxommodated 


greater number of plants with higher dry matter content of 


Intercropped legume plants In 1989. On the basis of pooled data, 
variety Bundel-1 produced highest total green forage (405.6 q/ha) 
as well as resulted In maximum productivity (4.9 o/ha/day). This 


was followed by Bundel-2 with corresponding production levels of 
396.5 q/ha and 4.8 q/ha/day. ai an average, grass «»d le^ime 

contributed 56.4 and 43.6 per cent to the total herbage yield 


with this variety 


matter 
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and Bundel-1 (75.0 q/ha) whichi In turn, did not difftr 
statistically from each other. The dry matter productivity of 
Bundel-2 was also higher (1.1 q/ha/day) as compared to rMalnIng 
varieties (0.9 q/ha/day). In Intercropping system, variety 
Bundel-2 and associated legume accounted for 68.5 and 31.5 % to 


the total dry matter accimiulatlon. H(Mever, variety Bundel-2 
resulted In greater number of functional leaves and higher dry 


matter content In both the years. This variety maintained greater 
leafrstem ratio In 1989 and higher relative water cwitont 1n 


1990. Legume In association with this variety maintained hl^r 
leafrstem ratio In 1989 and produced taller plants with greater 


dry matter accumulation In 1990. 


On the other hand, Pennisetum pedicel latm variety IQFRI- 


3808 excelled other varieties In nim»ber of tillers, plant Iw1#it 
and leaf area Index In both the years. This variety also proved 
superior over others for root mass In 1989 aiKl for leaf:stam 


ratio In 1990. Forage legume Intercropped with Pennisetum 
pedicel latum variety IGFRI-3808 produced taller plants in 1989, 
higher leafzstem ratio In 1990 and greater leaf turgidity In both 


the years. 

Crop stands: Pure stand of PennisetiM pediceflatum produced 
taller plants In 1989, higher dry matter content In 1990 and moro 
number of tillers with greater leafrstan ratio in both the years. 
Dinanath grass in association with cowpea produced more mimber of 
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leaves, accumulated higher dry iwatter ccmtent aiKl maintaliMKi 
higher leaf turgidity In 1989. On the other hand. In 1990, grass 
In association with clusterbean produced taller plants, higher 
relative leaf turgidity and greater leaf area Index In both the 
years. Among Intercrops, cowpea produced taller plants, greater 
number of leaves, higher leafrstem ratio. Increased relative leaf 
turgidity and greater number of root nodules. However, 
clusterbean accommodated more plants per running, meter and 


accumulated higher dry matter content In both the years. On an 


average, pure Oinanath grass produced significantly highest total 


green forage (447.4 q/ha) as compared to grass + clusterbean 
(377.0 q/ha) and grass + cowpea (360.7 q/ha) which. In turn, did 
not differ significantly between themselves. In term of dry 


matter yield, the crop stands differed significantly and the 
corresponding yield levels were 93.0, 79.2 and 69.0 q/ha. Similar 


trend was observed with respect to green and dry matter 


productivity per day. 

Nitrogen levels: Application of 60 kg N/ha resulted In higher 
leaf area Index In 1989, greater ntmiber of leaves with hl^ier dry 
matter content In 1990 and more ntmrtier of tillers with greater 


plant height as compared to 30 kg N/ha In both the years. 
Nitrogen at 60 kg N/ha also produced greater nuirt>er of 
functional leaves and more number of root nodules In 
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Intercropped forage legume in both the years. Further, increase 
in nitrogen levels to 90 kg M/ha, however, produced greater 
number of functional leaves, accisaulated higher dry matter in 
1989 and resulted in greater leaf area index In 1990. In so far 


as the legume component was concerned, 90 kg N/ha accuwilated 
higher dry matter content in 1989 and produced taller plants with 
high leaf turgidity in 1990. 


Pooled data revealed that application of 90 kg M/ha 


significantly increased the green forage (430.1 q/ha) and dry 
matter (87.4 q/ha) yields as compared to 60 kg N/ha. The highest 


per day productivity in terms of green forage (5.2 q/ha/day) wwi 
dry matter (1.1 q/ha/day) was also (Stained at 90 kg H/ha. 


Quality Traits in Relation to Treatment Variables: 

Crude protein: On an average the crude protein content both of 
grass (7.5 X) and legume (17.1 X) components remained hi^st 
with Pennisetum ped/cenatum variety Bunde1-1. This in tun», 
registered the highest outturn of crude protein (752.5 kg/ha) for 
the mixed sward. Intercropping of grass + cowpea rwt only 
recorded the highest crude protein content for individual 
component but also the total crude protein yield of the system. 

The highest crude protein content was obtained at 60 kg N/lm 
for grass (6.8 X) and at 30 kg M/ha for legume (16.4 X) in dry 
year of 1989. In wet year of 1990, h(»#ever, higiwst criKte protein 
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content for both the component crops (7.9 % for grass and 17.4 X 
for legume) occurred at 90 kg N/ha. Increasing doses of nitrogen 
from 30 to 90 kg N/ha Increased the total outturn of crude 
protein both In pure and mixed stands. Intercropping system of 
Pennisetum ped/ce / 7att/m + cowpea and Pennisetm pedlceUatm + 
clusterbean receiving 60 kg N/ha gave additional crude protein 
of 129.2 and 49.5 kg/ha, respectively over PennlsBtm 


pedicellatum pure fertilized with 90 kg N/ha. This, therefore, 


Indicated a saving of fertilizer nitrogen equivalent to 30 kg 


N/ha, besides providing protein rich nutritious herba^. 

Water soluble carbohydrates (WSC):' Variety IQFRI-3808 exhibited 
the highest WSC content of 6.1 X In 1989 wlwreas In 1990, variety 
Bundel-1 showed higher WSC content of 3.9 per cent. Forage legume 
Intercropped with IGFRI-3808 consistently reglsterwl hl^r WSC 
content (3.6 X) than In association with other varieties. The 
grass grown In association with cowpea acctffi>ulated greater WSC 
content In both the years. Among Intercrops, cowpea In 1989 (4.9 
X) and clusterbean In 1990 (2.6 X) showed higher WSC contait. On 
an average, the accumulation of WSC content was hlglwst at 90 kg 
N/ha In grass (4.4 X) and at 30 kg N/ha In legume (3.5 X). 
Oxalate content: Variety Bundel-2 accumulated the lowest oxalate 
content (2.8 X). The association of forage legume in reducing the 
oxalate content of Dinanath grass was observed In relatively dry 
year (1989) but not In wet year (1990) arwl more so, the effect 
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was pronounced In association with cowpea. in general, the 
application of 30, 60 and 90 kg N/ha gave an oxalate ctmtent of 
3.2, 3.0 and 2.9 %, respectively Indicating that nitrogen 
nutrition exercised favourable effect In reducing oxalate contwtt 
of Dinanath grass. 

Fibre fractions: Pennisetum pedicel Jatum variety Bundel-1 
exhibited lowest percentage of NDF ,ADF, cellulose aixJ llpiln 
suggesting that this variety possesses desirable quality 
characteristics of higher Intake and digestibility. However, 
Bundel-2 and IGFRI-3808 contained ralnlroira plant silica and 
hemicellulose. Forage legume associated with Bunde1-1 also gave 
lowest lignin content. Lower content of NOF, h«Blcellulose aixl 
plant silica occurred when legume was grown In assoclatlcwt with 
Bundel-2. Grass contained minimum lignin In pure stand, plant 
silica with cowpea and NDF with clusterbean. No definite trend 
was observed with respect to remaining fibre fractions. Amcmg 
Intercrops, clusterbean exhibited lower content of 
hemicellulose, lignin and plant silica whereas coiflwa gave low 
cellulose content. 

The effect of nitrogen nutrition In modifying the fibre 
fractions of grass was variable. It follows ttet 90 kg H/ha 
reduced the content of NDF and hemicellulose whereas, the 
decrease In lignin content was observed at 30 kg N/ha. Acid 
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detergent fibre, cellulose and plant silica, however, rentalned 


unaltered due to nitrogen nutrition. In case of legume, lower 


contents of NDF, ADF, henilcellulose, cellulose and plant silica 


were observed at 30 kg N/ha whereas, mlnimun content of lignin 


occurred at 90 kg N/ha 


Response to Fertilizer Nitrogen 


On an average, Penn lsetim pedicel latum variety Bundel-1 


showed greater uptake of nitrogen (120.3 kg/ha) than remaining 


varieties. Among crop stands ^ Penn 1 setum pedlcellattm + cowpea In 


1989 and Pennisetum pedlcellatum + clusterbean In 1990 registered 


significantly higher nitrogen uptake as compared to pure grass 


stand. Nitrogen uptake of the sward Increased from 93.6 kg/ha 


All the three Pennisetum pediceJIatm varieties showd 


linear response to per kg of applied nitrogen both In fxire as 


well as In mixed stands. However, variety Bundel-2 registered 


the highest degree of response to each kg of aw*11ed H and more 
so In dry matter production. The degree of response, however, 
decreased with Increasing doses of fertilizer nitrogen with the 
result that average response to each kg of fertilizer M at 30, 60 


and 90 kg N/ha worked out to be 11.8, 6.7 and 4.8 q/m w 

of green forage. The corresponding responses In terms of dry 


matter yields were 2.4 
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Conclusions: 

1. Pennisetum pedicellatum variety BundeT-1 proved superior In 
green 'forage production, crude protein outturn and 
assoclabnity with forage legumes. Variety Bundal-2 produced 
the highest dry matter yield with the lowest oxalate content 
and ranked second In green forage as well as crude protein 
production. 


2. All the P6nn1setum pedIcBl latum yariatiBs responded liiwarly 


to fertilizer nitrogen both In pure and mixed stands ranging 


from 30 to 90 kg N/ha. The maximum response to each kg of 


applied N occurred with Bundel-1 for green forage production 


and with Bundel-2 for dry matter acctsnulatlon 


3. Nitrogen nutrition had a distinct positive effect <m 


Increasing crude protein and water soluble carbohydrates ami 


reducing oxalate In Pennisetum pedicellatum. 


4. Intercropping of Pennisetum pedicel latm Mith forage legume 


showed superiority over Its pure stand In ten^ of crutte 


protein content and Its outturn In the sward alor^ltrfi 


reduction In the firbre fractions of grass component 


Moreover, Intercropping of Dinanath grass + cowpea resultted 
In nitrogen economy equivalent to 30 kg fertilizer N/ha. 


Recommendat i ons 


Pennisetum pedicellatum variety Bundel-1 + cowpea with 60 kg 
N/ha and/or Bundel-2 4 clusterbean with 90 kg N/ha may be 
recommended for achieving optimum forage yield, better 
quality traits and greater nutrient outturn. 
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Future Line of Research Work: 7^/ 






1. There Is need to Identify appropriate Pennlsetm pedicel lattm 
variety capable of maintaining quality even after boot stage 
with minimum or no risk of oxalate toxicity. The fora^ legwe 
should be compatible with matching physiology to harness the 
positive associative effects. This will ensure Ideal comblnatIcHi 
to optimise yield and quality In Intercropping system. 

2. Studies are required to develop nitrogen manag^nt techniques 
to activate N 2 fixation by forage legume In Initial stage and to 
meet the Increased nitrogen demand of grass during peak 
vegetative growth period. 

3. Since, In Intercropping system grass Is able to extract 
potassium much more readily causing K starvation to leginne, 
especially on K deficient soils, appropriate cutt1ng-cu»- 
potasslum fertilizer schedules need to be worked out to supply 
enough K to legume without causing luxury consumption by tfw grass. 

4. There Is need to generate basic Information on selectivity and 
availability of forms of nitrogen and fractions of j^sphorus 
to grass and legume components, respectively In mixed staml. 

5. The grass and legume components In combination croppi«9 vary In 
species aggressivlty, botanical composition and forage 

productivity. This causes Mnslderable variation In ch«i1cal 

composition and mlnaral balances of the produce. Thus, there Is 
need to find out appropriau grass-legume proportion to achieve 
the desired N:S, Ca:P and K:Ng ratios In mixed herbage In 
relation to animal reQuIrewient. 
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